
Europaisches Patentamt 
European Patent Office 
Office europ6en des brevets 

n^) EP 1 257 096 A2 

EUROPEAN PATENT APPLICATION 

(43) Date of publication: ■ .. , . - i„+ r^i 7. Ljr%A» 

: 13.11.2002 BuHetih 2002/46 ' (51) IntQ. H04L 12/56 , 

(21) -Application number: 0li2685iB.2 * 

(22) Date of filing: 12.1 1.2001 



(84). Designated Contracting States: . . 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE TR 

Designated Extension States: 
AL LT LV IWK Rd SI 

(30) Priority: 22.12,2000 IT MI002800 

(71) Applicant: Siemens Information and 
Communication Networks S.p.A. 
20126 Mllano (IT) 

(72) Inventors: 



. • Masseroni, Carlo 
20017 Rho (IT) 
• Parolari, Sergio 
20133 Mllano (ITTl 

(74) Representativie: 
Qlustini, Delio 
Siemens Information and 
Communication Networks S.p.A. 
Palazzo Gorky 
Via IVIonfalcone, 1 
20092 Ciniselio Baisamo (IT) 



(54) Procedure !f^^^the scheduling of packet data transmission permits on radio channels shared by mobile 
stations in GSM-GPRS systems ^ "luone 



CM 
< 

o> 
o 

CM 



a. 

LU 



(57) It is described a procedure for the 

scheduling of transmission permits of radio blocks of 
the RLC/MAC protocol specified for the new GPRS 
service of packet data transmission in GSM systems. The 
procedure foresees the establishment of as many 
priority queues of transmission pemnits as are the GPRS 
time-slots, to be used for the scheduling of control 
and signalling blocks, and of a same number of non- 
priority queues of pemnits for the scheduling of RLC 
blocks of data queued in the buffers of TBF. At each 
scheduling step, the priority queues of permits are 
filled starting from the requests sent on FIFO basis by 
the TBF l\^ANAGER, When a request for a 
TBF / connection is received, an identifier TFI/. and a 
possible RRBP value are written in the pennit queue 
resulting more unloaded among those assigned to the 
mobile, and so on, up to exhausting the requests. In 
the same scheduling step, non-priority queues are 
filled randomly selecting a TBF/ queue, and a time-slot 
j among those allocated to the TBF/ connection for 
which the more unloaded permit queue is allocated, and 
entering the maximum possible number of 
TFiy identifiers, in the form of permits, in 
subsequent free positions of the selected queue. The 
granting of permits to different TBF/ queues being 
repeated in the cun-ent step, where possible (Figure 25a). 
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Description . 

Field of tlie Invention . N V' C' 

[0001] The present invention relates to the field of mobile telephone netvybrks and more In' particular to a 
•scheduling procedure of packet data transmission penriits on radio chjanneis shared'.by the mobiles in GSM-GPRS 
systems. 

Bfackg round art ' l • 

[0002] IVIobile telephone systems PLMN (Public Land Mobile Netvyork) are. evolving, toward 'a . so-called third 
igeneration, following the thrust of an ever Increasing request of services in. the field of data transmission, such 
as for instance for.; the connections to . Internet. However, the coming into .service of the third generation UMTS 
systems (Universal Mobile. Telephony System) will require some more time before the final' leaving of the 
prototypizatjon phase and reaching of . an efficient territorial coverage. At the same time, there is: room for a /re- 
powering of. the data transmission service through the existing second-generation. mobile systems, which, being based, 
on the circuit switchrng, avail of the radio resources mainly voice rather than data; transmission oriented. The 
latter results penalized in the maximunri bit-rate that can be reached. These requirements are particularly urged . In 
GSM environment (Global Systern for Mobile communications), also because not all the current operators of the GSM 
service could take advantage of a UMTS licence. In the case of a re-powering of the data service, however! those who 
are excluded could rely on users capable of apipreciating the Improvements Introduced in the GSM.- The neied for a re- 
ppwering, of; the data, transmission service in the.;GSM system was however already foreseen in ETSI environment 
(European Telecommunications Standards Institute), This led to the. definition and publication of new technical 
speciflcatlons conceming a packet switching service on the existing GSM networks. The service Is known under the 
GPRS acronym (GeniBral Packet Radio Service); h^rejnafter the term GPRS shall also bei used to' define the system or 
the network where the service is performed. The padket switching routing Is "connectionless" due tpi its n^t^^^^ thai 
is, it does not require the constant use of physical resources for the whole active session time; dpnseqy^n^^^^^ 
available. resources can be. shared among more usersi who use then" alternately, only when these are^actuaily needed. 
The advantage taken by the GPRS system in data transmission compared to the traditional GSM system is double: for 
the operator, It. Is that to be able to serve more users at equal resources available, for users,^ it is to pay for 
the actual time of use of the resources only, and therefbre not for dead times too. 

[0003] The present invention grafts on to the GSM/GPRS system; for this reason its description requires a 
presentation of the GPRS service, mainly concerning the network architecture and interfaces, the signaj.forrinat, and 
the structure of the operation protocols. The aspects having higher impact on the description of th4 'erribpdirheh^ 
the invention shall be emphasized. Later on, we shall consider some documents of the known art:*t)eing. in relation 
with the GPRS system. These papers, together with the presentation of the GPRS system, will helj> to fpnrtiijiate the 
technical problem that the subject Invention intends to solve. The presentation of the GPRS sys&riri avails of the 
nurrierous technical specifications published up to now on the matter, and in particular of the tolibwing GSM 
documents in phase 2+: i: = 

- Service description; Stage 1 (GSM 02.60 version 7.2.0, Release 1998); ; ' ."-., .1 

- Service description; Stage 2 (GSM 03.60 version 7.1 .0. Release 1998); * ' 

- Overall description of the GPRS radio interface; Stage 2 (GSM 03.64 veirsion 8.3.0, Release 1 999);,' . ' 

- Moblte Station (MS) - Base Station System (BSS) interface; Radio Link Control/Medium Access Cpritrbl (RLC/MAC) 
protocol (GSM 04.60 version 8.0.0, Release 1999); V . . ' . 

- Mobile Station - Serving GPRS Support Node (MS-SGSN); Logical Link Control (LLC) layer specification (GSM 
04.64 version 8.0.0 Release 1999); * ; 



[0004] Figure 1 of the present application (corresponding to figure 1 of the GSM 03.60 standard) shows the 
functional architecture of an integrated telephone network that highlights the access interi'aces to the GPRS service 
at the so-called Reference Points. In the figure it can be noticed a mobile station MS (Mobile Statipin) connected to 
an access port of a GPRS 1 network through a Um radio interface. The GPRS 1 network is in turp.ponhected to a 
isecond GPRS 2 network through a Gp interface, and to a public network PDN (Public Data Netvjiprk) through a 
connection indicated by a Reference point Gi. The mobile station MS includes a first functional blpc4<.TE (Temriinal 
Equipment) connected to a second functional block MT (Mobile Terminated) through a connectioW indicated by a 
Reference point R, which typically supports a standard serial interface. The MT block Is connected to the Um 
Interface supplying packet data services on radio channels. 

[0005] Figure 2 of the present application (con-esponding to Figure 2 of the sameGSM 03.60 staridlard) shows the 
functional architecture of a GSM network supporting the GPRS sen^ice. Compared to the previous Figure 1, the GPRS 
1 network Is detailed in its functional blocks, out of which the following: SGSN (Service GPRS Support Nbde)', GGSN 
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, j . (Gateway GSN). and EIR (Equipment Identity Register) are new, compared to the traditional GSM system, while the 
remaining blocks: BSS (Base Station System), MSCNLR (Message Svyitching Centre / Visitor Location ^Register), HLR 
(Home Location Register), SMS-GMSC (Short Message Service - Gateway MSG) and SMs4WMSC (SMS - 
InterWorking MSG), and finally SMrSC (Short Message - Service Centre) are upgrades for the GPFtSvse/vice of the 
homonym blocks of the traditional GSM system. Compared to Figure 1 , the following new interfaces. dre foreseen: Gb, 
, 5 . Gn. Gp, Gf, Gs, Gr, Gd, D, E, C, whose connectivity between the relevant blocks are directly visible in the figure'. 

In particular, the Gn interface connects two GSN nodes in the same PLMN system, while the Gp Interface connects two 
. - GSN nodes belonging to different PLMN systems^ : w • A. 

•T:-; [0006] : As it can be noticed. in Figure 2, some differences between the GPRS system and the fradjilbrial GSM can. 
be noticed' just in the network structure, mainly due to the two new.SGSN and GGSN. nodes and- relevant interfaces. 
the new SGSN node is at the same hierarchical level as an MSC centre, it keeps records of the individual locations 
iQ. of the mobiles and performs the safety and access control, functions. To this purpose, the HLR recbrd Js enriched 
with the infoi-mation of the GPRS liser. The new GGSN node perforrns the Intervvorking function with ipackk. switching 
external networks, and. is connected with other SGSN nodes through a GPRS dorsal network based :On%e IP protocol. 
[0007] In the operation, an MS mobile that intends to have access to GPRS services, shall first inform the 
' •' ' . network of his presence making a GPRS attack operation, This operation establishes a logic link between the MS 
mobile and the SGSN npde, and makes the MS mobile available for the SMS service via GPRS, for the paging through 
. iS the SGSN node, and the notification of entering GPRS data. To be able to send and receive GPRS data the MS mobile 
shalPenable the address of packet data it wants to use; this operation, makes it known to the corresponding i3GSN 
node and.lntenworking with the external data networks can begin. Packet data generated by a user are transferred in 
= a transparent way between the MS mobile and the external data networt<s. with a method known as encapsulation and 
• tunnelling: The method consists in the fact that packet data are. integrated with specific GPRS protocol infonnation 
tn transferred between the MS mobile and the GGSN node. This transparent transfer method re(ieves the GPRS 

systerri PLMN of the need of. interpreting external data protocols; and . facilitates the introdjj'ction of future 
additional intenvorklng protocols. Data generated by a user can be compressed and protected wit^l^ranstnission 
protocols to obtain higher effectiveness and reliability, • .'1. . 

[0008] Further technical characteristics of the GPRS system are lisfted under point 4 (Main Concepts) of t^^ 
. same. GSM 03.60 standard under consideration, and are here re-proposed to better frame the inv^ntiqn that shall 

25 be described. In particular, under point 4, It is said that the GPRS system employs a packet-mQ(Se ^ehnique to 
effectively transfer data and signalling either at high or at low speed, through the optimizatioia;:of .the use of 
radio and network resources, A severe separation is kept between the radio sub-system and the net^/brk sub^jsystem. 
enabling the re-utilization of the networi< sub-system with other radio access technologies. The GPRS -system does not 
impose chianges to an already installed basic MSC. 
.;>' [0009] New GPRS radio channels have been defined and the allocation of these channels is flexible, for instance: 
. 20 1 to 8 time-slots of the radio interface can be allocated within the TDMA frame (Time Division Multiple Access), 
time-slots are shared by active users and are separately allocated up and. downlink. The resourpes of the radio 
interface can be dynamically shared between voice and data services, according to the service load iand the operator 
preference. Four coding schemes of the modulated radio signal GMSK (Gaussian Minimum Shift Keying) are foreseen 
to enable bit-rates included between 9 and more than 150 kbit/s per user (the highest bit-rate if of course referred 
to the exclusive use of the eighth time-slots available on the TDMA frame, and in complete absence of redundancy). 
35 An enriched version of the GPRS service is also specified, called Enhanced GPRS (EGPRS), in which the GMSK 
traditional modulation is replaced by a modulation up to 8-PSK (Phase Shift Keying). In this case the modulation and 
coding schemes are increased to nine and the maximum. bit-rate per user consequently increases upltb approximately 
• .. 570 kbit/s over the 8 time-slots. .^^ .. 

j'v [0010] Applications based on data protocols of the standard type are supported, and the intervy|?jli<ing is defined 
•^^ with IP (Internet Protocol) and X.25 networks. Specific point-to- point and point -to-multipo^rit services are 
supported. The transfer of the SMS service (Short Message Service) on GPRS radio channels is pernriined: 
[0011] the GPRS system is designed to support a data transfer ranging from the intenmittent and byrst type, up 
to the occasional transmission of ia great volume of data. Different profiles of the service quality ap; foreseen. The 
taxation should be based on the amount of data transferred. | 
j; [0012] The GPRS system supports three operating nnodes of the MS mobiles: a mobile in^cl^ss A mode 
45 simultaneously operates with GPRS and GSM sen/ices. A class B mobile simultaneously observes therdontrol channels 
for GPRS and GSM services, but can operate only on one sen/ice set at a time. Finally, a class C mobile, operates 
yvith GPRS services only. 

[0013] As far as the SMS service is concemed, some functions of the MSC centre are subjectedito an upgrade to 
- 3r support the transmission of SMS messages via the SGSN node. Optionally, the functional block MSCA^LR can be 
increased for a more efficient co-ordination of GPRS and non-GPRS services and functions:, for example, the paging 
for circuit switching calls through the SGSN node, and the combined updating of GPRS and non-GPRS Ipcations. 
[0014] The function concerning safety is identical to the one existing for the pure GSM. The SGSN node performs 
an authentication and ciphering algorithm optimized for packet data transmission. A GPRS ME (Mfabile Equipment) 
mobile can have access to GPRS services through SIMs (Subscriber Identity Module) informed, or not, that this kind 
of function exists. : i 

55 [0015] The cell-selection can be independently nnade by the MS mobile, or the base station tells the mobile to 
select a given cell. The mobile informs the networi< when it re-selects another cell or group of bells forming a 
routing area (routing area). H 
■" • - . M 
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:r [0016] The complex functions listed above require, for their performance, protocols capable of ^rfianaging at the 
. Um, Gb, and Gn interfaces the procedures for the transmission and for the control of the inforrhatibn tranisfer (i.e.. 
■ .flow cohtroI. erTp.r detection,; error GOTO 

[0017] . - Figure 3 6f the jDresent application (corresponding tp^figure. 4 of the mentionedGSWI 03.60 standard) -shows ■ 
the- "Transmission Plane^^jncluciing .the. protocol, stacks- foreseen at tha^^ ihteirfaces of \. Figure 2;.. The : 

g .. 'Transnriission. Plane", js - a.: $upei1nipbsed .layer structure . (layers):, that follows: : the ; ISO model. ^(Int^rhatipnal 
; Organisation for Standardizatj^ (Opjen System interconnebitloh).:^^ ' 

. ito .thiS ;TO an open system.can. be des^^ set of subrsyst^ms placed, within a 

. sibb-system :N , vthat consists of . on^; or .nriorevlayer /entities iN* int^ractsvonly^ with the . sub^systems^ pfetied above .:ahd 
f. / beneath, A layer entity. N . p^^ jayen .N. it belongs to. For the cbmmuhjb^^^^ 

entities; of equat^l^ peer-tp-peer is used. Thie ihformatio.n unit th'^J is. exchanged 

fQ through a peer-^to-peer protocol :is: 'called N-POU (N-Protofcdl Data Uriit), it includes \ the dat^lland a control 
; • : . information N-PCI (N-Protocdl Contrpl Inforrnation). Entitles^ 61 equal layer N coTnmunlcate betWeeif;'thehi using the 
\.. . - sen/ices supplied by the layer undenieiath. Likewise/ the seivices of the layer N are fed; to layier N^^^l at an acdess 
point called. N-SAP (N-SeiVice^ A la^isrs-N and N+.i,- 

. level N primitives ' are introduced. A level N primitive .together with an associated data service :unit^N-SDU . (N- 
Service. Data; Unit) -are sent by the layer N to layer N+1, arid vice versa.^^^^u^ to this purpose a. level N sen/ice. 
ts. protocol. The primitives and the SDU units therefore enable tha along a stack: 

[0018] Th^ functions that shall be specified for the different layers of figure: 3 require, additional suppdrt. and 
. control V functions, described in additionai. protocol ^ stacks relating to "Signalling Planes", operatirig at .the; 
. different interfaces of. figure ;2. Afterwards/ w not- engender confusiori, the tenm.layer.ijs corisid.ered. a ' 

■ . ;synoriym of protocol>N.B. The connections ;be^ homonym layers of; figure 3 belonging to different jDroto 
- j ■ are. of : course of . the logic infomnatidn transferred by a starting layer to .a;-destlhaitio.9;.brie is^^ 

■^i : cbnVeyed by the physical channels used at the ^different interfaces: Gb, , Abis, Um, present on. the. path . made by 
packets to descend the starting protocol stack, suffering the transformations imposed by layers crossed, to cross 
the physical layer, and then climb the arrival stack, .. i, 
[0019] Flgure.3 shows in. order the functipna GGSN; for each. furysiional . block it is 

shown the protocol stack used at one side of the block. As it can be noticed, each one; of the BSS apjj SGSN blocks 
2^ includes two different interfaces and therefore includes two different protocoi stacks, in thi^ casje^ at the top of 
each pair of stacks, a Relay function is necessary, eriablihg to use the immediately higher layer of the protocol by 
interfaces placed at the two: sides of . each block. Following is the :11st of the protocols that can be iseen in Figure 
. 3, witfi a brief comment of those mo re involved in the invention that shair be. described: 



30 
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55 



GTP (GPRS Tunnelling Protocol); specified in GSM 09.60. -I I 

TCF> (Transmission Control Protocol): defined in RFC (Radio Frequency Channel) 793: 
UDP (User Datagram Protocol): defined in RFC 768. 



- IP (Internet Protocol): it is the well-known protocol of PDP type (Packet Data Protocol) employed in the GPRS 
35 dorsal network to route data and signalling. • 

r SNDCP (Subnetwork Dependent Convergence Protocol): this transmission function maps the characteristics at 
network level within the characteristics of the underneath network. The SNDCP protocol is delstribed from the 
pC;. functional point of view in GSM 03.60 and specified in GSM 04.65. ' ■ 

- LLC (Logical Link Control): this layer gives a ciphered logic link highly reliable to transport Information 
between level 3 entities in the MS mobile and In the SGSN node. The I.LC protocol is specified in) GSM 04.64 and 
shall be better detailed with reference to Figure 4. . . = 

• ■ . ■ . 

- Relay: this function, in the BSS station, exchanges the protocol units LLC PDU (LLC Protocol Dajt^ Unit) between 
the interfaces Um and Gb. V: . 

- RLC/MAC: the RLC (Radio Link Control) function gives a reliable radio link and maps the LLC fi^mes within the 
: physical channel GSM. The MAC (Medium Access Control) function controls the access signalling^ procedures 

(request and grant) for the radio channel. The RLC/MAC protocol is defined in GSM 04.60 anQ^^shall be better 
detailed with reference to figure 4. ! . 

50 

- GSM RF: relates to the radio channel at the Um interface, defined in the set of GSM 05 specification^. 



- BSSGP (Base Station System GPRS Protocol): this layer transports information relevant to the routing and quality 
of the service exchanged between the BSS and SGSN sub-systems. The BSSGP protocol does hot perforrh the 
error correction. It is specified in GSM 08.18. . s 

[0020] Conceming the "Signalling Plane" MS-SGSN that better involves the present invention, reference can be 
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made to Figure 3 in which in IVIS and SGSN blocks above the LLC layer, a layer called GMM/SM, (GPRS Mobility 
Management and Session Management) is. indicated and - V 

[0021] . Figure 4 of the present application corresponds to Figure 1 of the GSM.04;60 standard In|\whi'ch the. LLC 
. layeri .generically indicated vyith a . block in the figure of the standard, on the contrary is here represented with 
the , detail resulting from Figure2 of. GSM 04.64 „ standard. Figure' 4 ol-the present application gives 'a .representation. 
: of the -architecture, of protocols ; of : the Transmission Pjane^ ^ 3, . particularly orierited to th6.^communication 

between the MS mobiles an.d.the SGSN node, .which of course crosses the BSS;sub^system; it jmu^^^ be polnted.out that 
':}'^- the connections between the different blocks shown , are of thV logic -type that .is functiphalv despife ^ t^^^ 

impression engendered by the: cohtext^^^^^ to the representation of R^^ 3| thej layer 3 r^esujts 

/ enr|cHed;With thefolipwing additiohal protoco 

.- . The GMM protocol: (GPRS Mobility Miana^ trarisfer messages 

. . between the MS. mobile and the: SGSN .node/ the^^^^ LLC layers is defined in tenns of 

. sen/ice and primitives, and is governed by procedures defined in GSM 04:08.' The GMM protocol supports also the 
. ... . functibns.fbr.the .mbbijity govern,, such as; for instance the GPRS attack onesi GPRS detach, safety/ updating of 
. the routing arba.; ;updatirijg of the ioc protocol for packet 

. . .. data, and the disabling , of the above mentioned PDP context. The many functionis of the GMM protocol are 
,15 . . described In chapter . i r. 

- The'^SNDCP protocol controls the transfer of the network protocol units N-PDU,(Network-PDU)Mbtween.ari MS 
rnobile and the SGSN node^ The main functionis of the S^^ | J . - 

20. Multiplexing of packet data protocols, for instance IP: ; • ■ 

;^ ..- Compression./ deconipression of the user d , .:^ " 

5 -- - Compression / decompression of the protocol control infonriation. ; . 

- Segmentation of the network protocol units (N-PDU) within LLC (Ll-PDU) protocol units and re-asl^mbly bf the LL- 
■ PDU protocol units within the N-PDU protocol units. . U 

[0022] To cany out the above mentioned functions, the SNDCP.protocol avails of a NSAPI (Network layer Service 
30 . Access Point Identifier) identifier, identifying in the MS mobile the access, point to a packet data'; protocol PDP, 
while in SGSN and GGSN nodes it identifies the context associated to an address of the above; rinentioned PDP 
protocoL ! 

- The TOM protocol is used to exchange envelopes of the homonym protocol between an MS mobile and the SGSN 
node. TOM procedures are defined in Annex B of the GSM 04.64 standard. 

35 ''l,^ 

- The SMS protocol employs the services of the LLC layer to transfer SM messages (Short Messages) between an 
MS mobile and the SGSN node. SMS procedures are defined in GSM 03,40, ^ 

^ [0023] With reference to Figure 4, the following level-3 blocks are shown: SNDCP, TOM. SMS, $ii<\ a^ dotted MM 
sublayer block including the GMM block. The dotted MM sublayer is connected to two service access points RR and 
GMMRR (GMM to Radio Resource) supplied by a level-2 RR (Radio Resource) sublayer. The remainin^'GMM, SNDCP, 
TOM, and SMS blocks are in order connected to the following sen^ice access points offered by layer LLC: 2xLLGMM 
(LLC to GPRS Mobility Management); LLx (Logical Link x); TOM2,8; and LLSMS. All the SAP (Ser^icfe Access Points) 
access points indicated above are placed on the line dividing the level-3 layer from LLC and RR layers- underneath. 
The LLC layer is functionally represented by an LLC block that includes a LLME block (Logical Link Mahagerhent Entity) 
, connected to one of the two LLGMM access points and to as many LLE (Logical Link Entity) blocks as. are the 
remaining service access points. LLE blocks include a same number of SAPI (Service Access Point Identifier) 
identifiers, consistently numbered with the relevant SAP points, which they are individually associated to. Each LLE 
block is connected to a relevant access point of a block called Multiplexer Procedure. The latter h^s two additional 
GRR (GPRS Radio Resources) and BSSGP access points bridging a line that delimits at bottom the Layer 2. The 
SO services supplied by the RLC/MAC sublayer concerning the MS mobile reach the GRR access point, while the BSSGP 
access point is reached by the services supplied by the homonym sublayer concerning the SGSN node-. 
[0024] The RR sublayer block includes the. following blocks: RR Management, RLC/MAC (Radio Link Control / 
Medium Access Control), and PD (Protocol Discriminator). The RR Management block is connected to GMMRR and 
v;. GRR access points, and also, to the PD block through a first way indicated with RR, and to block RLGi?MAC through a 
second way also indicated with RR, and a third way denoted upper layers PDUs. The PD block is furtjigr connected to 
55 the RR access point, bridging Layer 3, through a way called non-RR. The PD block generates at bijtput the whole 
variety of GSM channels, called GSM channels. The RLC/MAC block generates at output the following iQPRS channels: 
PBCCH (Packet Broadcast Control Channel), PCCCH (Packet Common Control Channel), PACCH (Packet Associated 
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Control Channel)/.and PDTCH (F»acket Data Traffic Channel). The channels generated 'by the RLC/MAC block are 
.conveyed, to the output of the.RR sublayer block In the physical channel. PDCH (Packet Data Chahnel). reaching a 
dotted, block Physical Link Layer representing the .physical layer.: The plurality, of GSM channels cross* a dotted block 
Data Urik layer (signalling layer 2)^^a^^^ . : ^ : = ^y^-.'i:::: 

[0025];; In the op.eratiqn, the .MM sublayer block perforrn^^^ the Mobility Management -functidhs foreseen fpr the GSM 
system/joperating in association with' the iGMM block that;'perfomis sirhlliarVfu service. The . 

, iriteraction between .the two systems, as for. the; allocation of the relevant radio resources-- is cohtfiS'fled by thei" RR 
Management protocol; -The. diagHam In Figure 4 shows the GPRS -service; in the. GSM. system.^^^ 
global GSM-GPRS system. However/ the present invention is^locatbdMh the. GPRS ehViro ahd,^^ We shall see. 
has impact mainly pn the RLC/MAC =block. Therefore/ from the representati^ 

functional .description of this -sole bl^ for a more .detailed description, a 'brief • ouilihe*- of th.^ RR 

Management block functionality shall be given together with a functional description of the- LLC.,Mp6ki since the" 
functionality of these, blocks have obvious impact on. that of; the -RLC/MAC block. It must be. noticed, how. GRR and . 
BSSGR.. access points bridging : the = division line of :. Layer 2,': give the LLC: layer -the -pbssibHIty to sOpport the 
dialogue between the MS mobile and the SGSN node, with the additional support of the BSSGP protocbi supportino the 
dialogue through the BSS.s^^ ; \ ^ ; ; , ^ 

[0026] . .The .RR. ■Management bj performs; the" control procedures of radio reisburces for the GSfi/I^GiPRS system, 
as described In GSM 04.07. The operating mode^ of these procedures, referred to the GPRS service o;n)y for briefness 
: ; ' .• are essentially the following two: Packet idle mode, and Packet transfer mode, as described in GSM 04:08V In the 
Idle mdde.the MS mobile listens to the paging sub-channel of the PBCCH channel to.monitorthe paging group which it 
.belongs to, and; possibly svvitch to dedicated mode. In the Packet transfer:mode .the MS mobile asks the netvyori^.the 
allocation of : the physical ;^-r for packet transfer, tihus\ interacting with the functions of . the 

.).': RLC/MAC blocks that shall be; described later on.^:^.^ ^V^^^^^ ■^'"•■■:.y ■ ■ . ■ ^ 

. [6627] As :far as the LLC block is concemed, inside the same, the LLE blocks repiresent stage equipment 
controlling ^ connection logic link to the service type addressed by the corresponding ■ SAP! identifier 
' .block is also a stage-equilpmeint governing the resources having impact on individual logic connections, at the LLC 
layer. Continuing, in the operation description,, it Is first necessary, to introduce a connectioriJ identified OLCI 
5 (Diata Link Connection. Identifier) used by the LLC .1^^^^ (routeing) of packets to thfe.neWri<; layer; 

25. It is also necessary to define the; establishment of: the LLC seriar frame ! The bLCI identlfieri^p^^^^ of two 
Identifiers, out of which, the first one is the NSAPi ; Identifier, already described, and . a se^pndT'l^^^ TLLI 
(Temporary LogicaP Link Identifier) tehnporary identifier, unambiguously identifying the link between a'MS^W and 
the! SGSN node during an active connection. On the contrary, conceming the establishment of the LLjcJ senal frame, it 
l§ represented inFigure 5 of the present application (corresponding to Figure 3 of the mentioned GSmIo4^64 standard) 
' *; . The LLC frame of Fig ure 5 timely proceeds from top to bottom and includes a FH header (Frarhe Header)/ teilowed by 
30 an "Infomnation Field" of variable length; reserved to data.that must be routed, followed In turn by a FCS (Frame 
Check Sequence) queue that contains the result of a checksum on thd previous fields. The FH header Includes an 
address field for the identification of the frame and a control field including an opportune SAP! identifier. 
[0028] With the clarifications given, it Is poissible to describe the operation of the Multipllexer Procedure 
block. This block, in the frame transmission mode (that is. delivery of a LLC frarhe to RLC/MAC or BSSGP. layers) 
generates and inserts the FCS field at the queue of the LLC frames, performs the ciphering functiori, land solves the 
35 dispute of the LLC layer among the different LLE blocks on the basis of SAPI identifiers. On the. frame reception 
mode, the Multiplexer Procedure block perfonns the deciphering function of LLC frames received from the MAC 
protocol, opportunely assembling the packet information, and checking also the validity of the FCS field: If the 
frame passes the test, it is delivered to the appropriate LLE block on the basis of the DLCI identifier, 
y. [0029] Conceming the control of the information flow, LLC procedures, and consequently: the underiaying 
40 RLC/MAC procedures, are modelled on known labelled concepts as HDLC (High level Data Link cdntroi), see ISO 
4335. The HDLC control employs a cyclic numbering scheme to guarantee the integrity of the sequence of data 
transmitted. Independent numbering schemes are used for each logic link. The LLC procedures for dkta transfer are 
based on two operating methods, respectively: Acknowledged and Unacknowledged. In the Acknow(pged mode two 
entities (peers) are involved, participating to a balanced data connection, where each entity; liindertakes the 
• ; responsibility for the organization of its data flow and for the recovery procedures of en-ors ^s|pciated to the 
45 transmissions it originates. Each entity operates both as data source and as termination, in a llM- thgs resulting 
balanced, enabling the information to flow in both directions. This operating mode is known with th,^ ABM acronym 
(Asynchronous Balanced Mode) and offers a reliable service with an ordered delivery of the ^pacKj^ts. in the 
Unacknowledged mode, a logic entity is involved, which can start the transmissions towards a secdpd Entity (peer) 
.-^ without a logic connection between the two entities has been established before. In this case the LLp layer does not 
assure the ordered delivery of the packets. The enx)rs in the frames received are detected and the wrong frames can 
50 be discarded or otherwise delivered by the LLC layer, which however does not actuate any procedure for 
error recovery. 

[0030] \t must be now examined the operation of the RLC/MAC block, after an outline of the Physical Link Layer, 
conceming which it is worth remembering that the design setting of the GPRS system has maintairied as target the 
o;> compatibility with the existing GSM standard, in order it can be easily integrated availing of the. same physical 
channel at the Um interface. The resources necessary to the GPRS sen/ice foresee an additional number of logic 
channels supporting the transfer of radio blocks through the physical channel PDCH. GPRS logic channels have names 
and functional characteristics greatly faithfully following those of the channels of the Traditional: GSM, though 
refen^ed to packets. The transfonnatlon suffered by the packet information (data and signalling) in the passage from 
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an LLC frame, to the physical layer, .and vice versa, is shown in Figure 8. This figtire. grounds on the 
:;teachings of FlgureslCf and / . 

[0031] . ^Figure 6 (corresponding to Figure 2.of GSM 3.64)" shows a multifram^^ 12 
: radio blocks of four frames ^ach, plus two T frames /used fbr'^he synchronization and two^^>< idle frames.- The 
-multiframe of Figure e/isVused to .nnultiplex in. time .the GPRS and: GSM logic 'chanrie 
foreseen for radio blocks/out of which one for me transfer bf-packet data is visible in Fjgure.7: • ' 

[0032] ; j^ith reference to Figure radio block 

/ Indicated includes the'follpwing fi^^ . • ; v!;^/ 

- MAC 8 bit header, .contajns contrpi fields; diff^ 

- RLC header of varlal^le lena^^ 

- RLC data, contains bctets relating to one or more units of. the LLC pix>t6col 

SCS (Block Check Sequence). ■ • • ■ . ^ " , 

A block simiiar to the previous one. but with the sole MAC header, is foreseen for the transfer of coritrol imessages. 
For the GPRS service the detail of the different fields belonging . to RLC. uplink/dbwniink data blocks is indicated 
under point 10.2 of .ttie ,GSM 4:60, whilei/fo.r RLC/MAC control blocks, thei detail is Indibated. unpler^ point 10.3, 
Additional indicatjpns are given for the detail of RLC/M^ blpcks:re|atrhg to the EGPRS service: , \ r : 
[0033] . Figure a Ccorres^^^ 20 of the -GSM 3.6ij/shpws the segnr^entation of the li 

. withiri.; the radio blbcks of the RLC/MAC layer. As it can be rioticed,: each radio block is transported by four 
pdnsecutivis: Normal burst? of the; GSM rhultiframe of F^igure 7. The four Normal , bursts have to j be Intended : as 
interleaved on four, consecutive TDMA 4,615 ms . frames. The meaning of the different fields h^^ already been 
described, except for the BH field (Block Header) that is a block header. In the figure we can notlcie: that a Primary 
block that, contrarily to the subsequent FoNdwing blocks, includes th 

[0034] Returning to Figure 4, it is now described the operation of the Physical Link: Layer tjlock. This block 
operates above the GSM layer RF (Figure 3) and supplies the PDCH' physical channel for the packet information 
transport through the GSM radio interface, thus enabling the communication between the MS mobiles ^nd the network. 
An important service supplied by the above rnentioned'block is to physically enable the sharing of the same PDCH 
physical channel (one frequency and one time-slot) by nriore mobiles. The Physical Link Layer block Is responsible for: 

- the channel coding to implement the so-called Forward En-or Conrection (FEC), enabling the . detection and 
correction of errors in code works transmitted (received) iand the indication of words that canridjt be' corrected. 
The GSM coding steps are followed, but with a higher redundancy, to this purpose four con^dlutidnal coding 
schemes {CS-1,...CS4) are foreseen for the GPRS, and nine modulation and coding schemes (CSi-i,...CS9) for the 
EGPRS, generating different bit-rates. :-. 

- The interleaving of a Radio Block on four bursts in TDMA consecutive frames. 

- The procedures for the detection of a congestion of the physical connection. '"^ 

- The monitoring of the BCS field of the RLC blocks for emar detection. 

- The synchronisation procedures, including those for the adjustment of Timing Advance in mobiles. ; , 

- The procedures to monitor the radio link quality. 

- The Cell selection and reselectiori procedures. [ 

- The Power Control procedures of transmitters. ; ] 



[0035] Concerning the services offered by the RLC/MAC block of Figure 4, the RLC part define^ the procedures 
for a re-transmission of RLC blocks whose delivery was unsuccessful, in accordance to a selective schi^^me called ARQ 
(Automatic Repeat reQuest). The MAC part defines the procedures enabling a plurality of MS moggies to share a 
common transmission means, which can also consist of different physical channels. The MAC functi6q|lity. supplies an 
artDitration among the plurality of mobiles attempting to simultaneously transmit, taking care to.ii^Void collisions. 
The MAC protocol enables a single mobile to use different physical channels in parallel. The RLC/MAC block has two 
operation methods, called unacknowledged and acknowledged, respectively, described later on. ; ?. 
Examining more in detail the functions of the RLC/MAC block, the RLC part performs the following funcifi6ns:' 

- Execution of interface primitives enabling the transfer of LLC (LLC-PDU) protocol units between the LLC layer 
and the MAC part. j • 
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- Segmentation and re-assembly of the LLC-PDU units within the RLC blocks (Figure 8). 



. ' - Execution pif Backward Error Correction (BEC) procedures ' that enable the . selective re-transt^ission of non- 
• correctable Cjpde. works,- . . :\- ..■.*.:/••. ;:;".*. . 

■-; Link adaptation pnoced^^ : " '':'S:\:r':..^^'r'''--- • / 

On the dontrajy, as:for th^^^ : / ' T : ■ 

- Efficient multiplexing- of; data and control, signalling' both -uplink:, and . ' downlihkr the . muliiplexirig ^control 
residing on the .network side, Being the multiplexing downlink. governed byja scheduling mechanism while uplink 

■ by the allocation of the means to single userisf selected timenby tlrrie (e.g. in response to a service request); . \ ;■ . . 

- . Solution of the dispute for access attempts to the channel, including the detection :arid^recbv4^y of collisions 

In the transfer of. packets priginated by the mobile. --^ - ' 

- Scheduling of access attempts to the mobile- includiiSg the queuing.of access packets, in the transfer of oackets 
ended towards the. mobile. : - v -. ' • ' • • • 

Inriplenriehtatipn pfpn'ori^^ 



15 



.) [0036] The dej5criptipn.pf..-theiGPRS system made up: ^ of figures 1 fo 8, t^Ss fumished an 

expilanation of the general scenario in . which :thd subject invention is framed; it is now necessa^ to^^ ^^^^^ 
context to the procedures of the MAC protocol jgpveming the aliocation of resources; because it is just rnkchlng the 
dynamic allocation of resources: that the subject iiiventlbn renders its effects. Dynamic allocation i means that a 
particular transmission resource, conslsti for instance of a PDCH channel and a relevant physical! connection is 
i^: made time, division shareable among more MS mobiles, each of them being engaged in an active! session of data 
transfer.- or of signalling, through the same transmission resource jointly assigned. The : MAC protocol has also 
procedures for a, fixed allocation of resources, but these have no direct impact on the present invention: In the 
GPRS system, as already said^ the principal reason for a dynamic allocation of resources is that of ^ more extended 
use of: the on-air interface, with the, resulting possibility to offer the single usier an instant bit-rate higher than 
ih the past, observing the contracted service parameters. Additional reasons in favour of the dynamic allocation 
denve from the need to make a check of the traffic in order to be able to control at best the cong'^tion situations 
30 and optmize the use of the . network resources, increasing in both the cases the total effectiveness. To the above 
mentioned aims, the GPRS service supports the notion of service quality QoS (Quality of Servide), in terms of 
service priority (priority), reliability, delay in the transfer of an. end-to-end packet (Gm-to-Gi), and 'medium and 
peak throughput compatibly with the multi-slot class. QoS parameters, together with the operation A, B. C. class 
and the multi-slot capacity, fomn part of a user profile communicated to the network in. the phase of GPRS attack. * 
10037] The sub-set of MAC procedures governing the dynamic allocation of resources, provides temporary 
35 connections on the physical layer, called TBF (Temporary Block Flow), which include memory, buffers to house the 
queues of RLC/MAC blocks. Each TBF connection enables the point-to-point unidirectional transfer of data and user 
signalling within a cell, between the network and a mobile station MS. or vice versa. Control messages for the 
establishment/abatement of a connection and the allocation/de-allocation of relevant support physiq^t resources, for 
instance of TBF buffers, contemplates different opportunities capable of covering the whole survey^;jdreseen in the 
^ packet transfer mode of the RR sublayer. For simplicity. It Is here described a very liriiited survey of 
establishment/abatement of TBF connections and of the relevant operation modes. We can start from thi establishment 
of a TBF uplink connection following a Packet Transfer originated by the mobile. In this case the' mobile requires 
the assignment of a GPRS channel sending a PACKET CHANNEL REQUEST message includirfg th& resources 
requested for the transfer of packets to the networi^. In case of reception, the networi< replies with a PAcKl^t UPLINK 
^'i^ ASSIGNMENT message on the control channel allocating to the mobile the resources requested for the upTink transfer 
of packets. The resources include one or more PDCH channels and a TFI value (TBF identifier). The networi< does not 
assign any buffer in uplink direction (the buffer resides In the mobile). The networi< requires sirriply knowing the 
number of blocks that a MS mobile intends to transmit. We can now proceed examining the establishment of a TBF 
r" connection downlink following a Packet Transfer ended towards the mobile. In this case at the end of the paging 
procedure, the networi^ sends the mobile a PACKET DOWNLINK ASSIGNMENT message in the Ready state on the 
V'' control channel, with enclosed the list of PDCH channels allocated for the downlink transfer. A buffer, relevant to 
QQ the downlink TBF. is purposely allocated to contain the RLC/MAC blocks to be sent. 

[0038] A TBF is kept alive only for the duration of the transfer of one or more LLC protocol units to the right 
purpose of transfenring the con-esponding RLC/MAC blocks. The networt^ assigns each TBF connection its own 
temporary identifier, called TFI (Temporary Flow Identity). The MS mobile shall assume that the TFI value is unique 
among TBF competitors in each direction, uplink or downlink. A RLC/MAC data block is identFfied to the TBF to which 
it is associated through its own field where the identifier TFI Is written, and another field to indicate the uplink or 
55 downlink direction of the block. Should the RLC/MAC block be referred to a control message, a field is foreseen to 
. indicate the message transmission direction and type. In the case of dynamic allocation, the header of- each RLC/MAC 
block transmitted on a PDCH channel in "downlink" direction includes an additional field called Usf (Uplink State 
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V- Flag), which, is used by the network in the form of a flag to control the time division multiplexing of different 
mobile stations on a physical channel PDCH in uplink direction: We can now better. quallfy.;the already, mentioned 
[l PACKET UPLINK ASSIGNMENT message. network tdwards the; mobiles, stating th^ the 

identifier TFI of .the ,dowri!ink/TBF; buffer containing ::the ^control/ block . caiT>ing . this ; niessage, ; the list of the 
aliocated ;PPCH channels' (time sl6ts)V and. a c USF value 'for each^aJlocated channel/Thi-ee bits are 

foreseen for the USF -fiisId t^^ a time-slot, alsb^ in: 

^ the bbrderiine case in which/the^^^ alHthe.elght time>lots of a FDMA fr^me. A TBF 

can -be of the "open ende^d" oK"clpsed "ended" iype:-.in.the;flrst case Jhe [allocation takes, place on an unlimited -tirne 
■ * . basis,: while :in . the s^ecorid ^case the allocatioh isjimited to' arpre-set number : blocks, this sefcbnd opportunity 
can pffera more fair access to the transhriission meana during the. hi^ . . 

[0039] ' The network, at each RLC/MAC block period, iterates a hori-st^ndardised scheduling .m4|hahism for the . 
enabling/disabiing of the USF flags ^univocaiily associated to . TBF transmission queues aliocated in. upiink. The USF. . 
reserved for each PDGH. allocated to a TBFj uplink are communicated •to the ' MS rhobtle In the Pi^feKET UPIjINK 
. ASSIGNMENT or PACKET TIMESLOT; RECONFIGURE message: Of course the a and JBFr values 

shall t)e such to avoid any interference. The MS mobile performs the monitoring of air RLC/MAC downlink radio blocks 
.' ' . of the PDCH assigned to it in uplink. When it- detects the presence of a USF belonging to the set arfiong: those 
I ." assigned to it, the uplink TBF is enat)led to transnnissiori d^^^^ . 
15 [0040] : In .both the directions, the TBF resources, are granted uhtlj data to be. retransrnitted are queued on the 
V RLC/MAC layer, rjhe- i'elease . of the uplink resources is generally started by the mobile that counts in reverse 
direction the RLC blocks trajisfinitted, but can also be started by the network. The m^^ aifter shijDment of its 
RLC block places in / stand; by.: waiting >for a Pj^GKET UPLINK AGK/NACK iriessage by,:the ;nietw6ri<.j This, m^ 
includes a RRBP field (Relative Reserved BIbck Period), wh^^ specifies a: well de which 

) . the mobile must reply io. the network seriding a PACKET CONTROL ACKNOVVLEDQEMENT message^ and the; release 
f?, the TBF connection: Aftenwards the -ne^ the TBF connection and ;the:ijSF. flaa 

••• ■ for another lyiSmjiaile/' ••^■■^^ ' . "-.'^ 

[0041] The mechanism actuated through the pair of S/P (Supplementary/Polling) and RR^ 

Block Period) fields represents a derogation to the mechanism of the USF flags, rriainly valid for control messages, . 
in the cases in which the reply of the nriobile has to be monitored (polling) by the network, or vice -versa: More in 
2g particular, the S/P field indicates if the. RRBP is valid or not; in case: of validity the mobile sipail transmit the 
radio block on the uplink frame in the same time-slot where the RRBP field has been received in the; downlink frarhe, 
waiting for a number of TDMA frames specified, by the coding of the RRBP field! The delay is rei4^ant to the first 
TDM A frame (N) of the downlink block that contains the RRBP value. After receipt of. a RLC/MAC blopk containing a 
valid value for RRBP, the mobile has no more the need for nionitoring .the USF field in the RLC/MAS|biopk downlink 
'■^ transmitted just before the Uplink radio block reserved to the mobile. H- ' 

30 [0042] On the contrary, conceming the multiplexing of mobile stations on PDCH channels that they share in the 
"downlink" direction^ the procedures are more simplified since, contrarily to what happens for the:. -uplink transfer, 
the intermediate of appropriate flags of the USF type is ho more necessary. In fact, multiplexing :is directly made 
by a scheduler that selects time by time the downlink TBF that shall transmit a RLC/MAC block on thie current PDCH 
channel. The scheduler employs to this purpose a scheduling algorithm, non-standardised, which assigns the access 
permit to the single TBF on the physical resources (PDCH), identifyinjg the TBF through the relevant TFI. . 
35 [0043] . The release of a TBF downlink connection Is started by the network that sends a RLC data block with the 
FBI field (Final Block Indicator) at the true logic value, and with a valid value in the RRBP field. ;This enables to 
start a polling of the mobile for the reception of a PACKET DOWNLINK ACK/NACK final message, (f wo appropriate 
timers signal the different instants at which the assignment of the current TBF looses its validity,; separately for 
the nnobile and the network. Immediately after the loss of validity the current TFI identifier can be re-employed by 
the networic. 



/ * ' 
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Open problems in the background art 



[0044] The previous overview on the GPRS system highlighted the absence of a standardisation in the scheduler 
- ' operation that plans the transmission of RLC/MAC blocks (but also LLC ones) in both transmission directions, 
45. employing the TFI identifiers in the downlink scheduling and the USF flags in the uplink schedulin^>The planing to 
consider also the polling in the two directions. This means that the GSM standard leaves th^^:|;research of a 
proprietary algorithm more suitable to the purpose to the free initiative of manufacturers. . 
[0045] The scheduling of transmissions is only one of the useful elements in reaching the negotiated QoS, the 
other elements are the control procedure on the admission of connections (admission control), and th^. shaping policy 
(shaping) of the traffic. These problems engendered by the QoS have been historically faced and differently resolved 
50 in packet switching base networks. In this sector the major part of the studies concems the ES-J^SEysJ networks 
(Broadband Integrated Services Digital Network), largely based on ATM technique (Asynchronous Transfer Mode). 
[0046] The invention that shall be describes does not intend to solve the problem of how satisfying at best the 
QoS service quality negotiated by the different active users within a cell, but it is mainly addressed to the 
'•^i resources scheduling activity on the physical layer, with the aim of correcting some allocation defects present In 
the known art. Apart from considerations on the QoS, the new scheduling even if indirectly, can haye an impact on 
one or more QoS parameters. This said, the scheduling activity, either in ATM or in GPRS environment, consists in 
assigning an order in the transfer of data to different users, in the aim of satisfying the contradted service. In 
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^Mi.ffr'f"',^'" ^%t°^ the present invention, the contracted service corresponds to the number of ii^ne-^lots of the 
' SmSp^SSlSe/ affect the RLC/M^ p,r,tocol only, plac^J |d|??cbntS 

• ■/ Ih?^^^ ' The artiple^by Jp^^^^ and.Chris Sholefieldrunder thd- title "Scheduling ^ of'servlce in 

, th^e /C3eoeral Packet Badio ..Service";, published, by IEEE in. January 1 998- highlight^ some dSent p^^ 

• •••!SL2^?Th^^**-':*^''y-^°-'^^' «"*;**edulihgTs applied to the full-duplex" transfer of data trtS^n orll? 
SSS^n^? etera.cten^;,of the on-air, interface reflect .the particular, transmi^siori means cSSng of thJ 
• RLC/MAc"r»i^^^^^^ interface requested, the specrficaflon of an ad hoc protcj"ayy Se 

- • ;f5LC/MAC. layer, which is not acknowledged in the -interfaces of ATM networks/ It is worth mentiorfiria sdmTD^^^^^^^ 
io In somfa^SSsf.^'^'^^^^^ of the mentioned .paper. They yerbatim recite: The scheduling iri^PRl^'^f^^^^ 

Jo °" air-interface the MAC protocol is employed both for the solution of the disputes, in^the access to a 

. packet channel and for the allocation .of resources. In addition to the RLC/MAC ^blocks for dita H fs ateo 
. r-necessaiytp.schedule the blocks, for signalling messages . • . - «y uiocks lor qata it is also 



30 



IS 2. This point coricems the need to schedule the transmission: of some iwAc signalling messages before the delay 

. .. class IS known, this means that the above mentioned, messages must have the i^ximum priority. ^4 . ° ^ 

■3. There Hs-^sprne dependefice b scheduling of MAC signalling hiessages Iri' the upH^^ 

• . direcbon.;(This factresults.fiorii w upng -^nd downlink 

' ^^^^^"""9 shall keep, into account; the multi-slot capacity of a ■mobile?>or instance; if iJigifg RLC/MAb 

.: radio blocks have to be sent to a mobile capable of using only two time^slots of a single TDMA^frl^rth^ BSS 
.. sub-systern ^hall send only.twd blocks at.^ 

iff' Im^l', The donclusion.we can reach is that scheduling methods developed up to now for ATM ne4)orks cannot be 
immediately transferred to the GPRS system, giving value to the substantial novelty hold by the bucket swrtchim 

IS .dpspnt^ed in the paper, already mentioned above, by Jonathan Sau and Chris Sholefield The first of the ^o 

S mVfirsfrl'lfrilf^H^ ^""^^"^ MED (Modified Eariiest DeadJn4) Fo°^^ 

i f -^K o^^^'^^'L'^^ examined, as representing the problems that the numerous ATM derived scheduling 
iL.h . ''^'"• ■^^•^ SPS method aims at satisfying at best the QoS parameters negotiated for the ehd-to-end delay 
Por each transmission direction four buffers are provided to house the queues of the RLC/MAC data blocks each 
tTthe a!eu^'«^H'th '^'"^ ^'^^^^^ foreseen in the GPRS standard, the lower is the nSnber as^i^nlS 

m««tno H ? ^ smaner IS the associated delay. A fifth queue is added to the four ones for signalling 
messages^ and it is assigned the lowest number. A fixed (static) priority is assigned to each queue which is as 
higher as lower is the number assigned to the queue. The messages reaching the scheduler in the fdi^ of RLC/MAC 
35 blocks are appended to the queue corresponding to their delay class. Each message is allocated up to the number of 
4TnM°A f '^^"^T *='3ss of the mobile transmitting the message^ In each schedul ^ step hVv ng 

4 TDMA frames duration, the queues are served in increasing number order, and within each queue ti^J" messages atl 
tlm^.^M.^LI'^ r''^ First-In-First-Out). What just said requires the following clarification: whehl a su^slqul^ 
time-slot IS available, a class / buffer will receive the service only if all the class j with (/ < i) buffers arei emoty The hvo 

Sh°n!^i,T '^^'^'^ ^'^ ^'^^'^ 3 variegate number of cases typi&i#lhtemet in 

wh ch packets of different size are represented having different transmission frequencies. The com^arttive resul s 
of these simulations have no importance for the purposes of the invention, since, conlrarily to thfe^obiects of the 
invention, the two tested methods employ two different scheduling modes having a common service oixier of queues put 
n pnonty re ation with one or more QoS parameters. These ATM derived methods reason In terms of messages and 
Thfr. th I be inspired by protocols well higher than the physical layer. The same inevitably go 'through a crisis 
T^ifinn » scheduling target IS less tied to the QoS and closer to the assignment mechanics of the sfngle time-slots 
Taking as an example the SPS scheduler, when the QoS parameter of end-to-end delay is not coh^idered all the 
aemo^.«t^teH^?hi^^®^Tit^^^ K ^"^ ^ scheduler operates as a simple FIFO Scheduler. It is 

demonstrated hat a FIFO scheduler goes through a crisis if the link Is heavily employed, this because when there 
are many packets of small size waiting for a long time after large size packets the total average delay results 
increased from the statistical point of view. The analysis of how the different ATM derived scheduling algorithms 
degenerate once divested of the targets on the QoS is only a sterile exercise, because the same have been conceived 
» ! quality targets. However, a similar analysis could demonstrate the inadequacy of these algorithms in 
Tairiy treating the different MS mobiles in the exploitation of the physical layer resources differently allocated 
lui^SuM'^thT'® effective to analyse the behaviour of a scheduling algorithm largely independent from 
quality targets and that is to histoncally count among the first and more employed in the difffetent sectors of 
electronic applications, that is the Round Robin algorithm. In its simplest form, a Round Robin sche'du'ler assigns at 
times to each user the permit to have access to a resource; once the tour is ended the permit r^itfms to the first 
user, and so on. The deriving advantage is that of simplicity and guarantee to be able to supply a divert thrDuqhput 
to each user. Seemingly, the Round Robin scheduler seems fit with equity, since it treats all the ufe iri the same 
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manner; this^ can be true in some operational contexts of base networks, but the following examples will demonstrate 
that in GPRS environment, equityjs not generally maintained 

10049], . ; : ;The..table in Figure 9a shows a simplified scenario in which three MS mobiles identified by a same number 
,ofj;pnnectionsTBF.1,TBF2.-^ to the GPRS service cohsistihg of 3 out of the 

: f t!me-?j9^^ The mobile TBF1 is assigned the TS 1. the mobile TBF2 is assigned the^fS V 2 and 

■ ma mobile TBF^^l^ assi the. TS.1. 2 and. 3V The particular^ Allocation of Figure 9a shall, not bP considered ^as> 
• exceptional. 1^ reflQ^ a situation of wide, generality in which some GPRS tlme-slotsOare ••rriore ^ernploiS^ ^mrsus -sbme'*- 
: others: The Roun^ Robin scheduler assigns each TBF allocated to a tirhe-slot the sarne access probaBllih^-to the radio 

chann^Vapplying the following relation: ^ . .. , ' ■ - ..?:^.^r'V"->v«.'wiu 



Access probability Qf a TBFi to a TSi - V /^ V U - ■ ' 

'iti ' , L.. V ■. ■ ^ ^ Number of TBF allocated on TSj . ^ ' ; . - 

. The table .in: Figure 9b shows: in fact the. probability (1) for each TBF and for each TS. A parameter that better helbs 
. . understanding the equity of the scheduler in guaranteeing the access to shared resources is the relative scheduiino 
frequency of: each TBF, This parameter/knpwn under the RSF acronym (Relative Scheduling Frequency), is qiven for 
. the Round Robin, schedufer by the following, expression: • ' ^ i5> given lor 



^ ^Access probabU^^ 
RSF(TBPi) — ^<^^<x^f^toTBFi ■ ■ • (o\ 

Total number of TS allocat^^^^^^ - : > ^ ^ 



The teble m Figure 9c and; the con;espondirig :cake-g.ra^ the trend of the' (2) for e^ch TBFi As it 

can be^ noticed, the: RSP parameter is not proportional to the releyant.number of time-slots allocated in total to a 
TBFi, but It AS lower. than the. proportional share for TBFI and . TBF2vand higher for TBF3- If there were 
proportionality. RSF values vyould have been those indicated In Figure 11c: This means that in a f^^lti-siot context 
'" .wh'Ph the QoS targets are not considered at the beginning, the Round Robin scheduler penalfefes the mobiles 
.5 . ayainng of . less Shared resources, in favour of the more well off ones. li,- 
is P^^^ : VThe; tables in . Figures 10a, 10b, 10c and the diagram in Figure lOd are Tef erred to a &iario differinq 
from that of Figures; 9a ?9d due to the fact that two users have equal shared resources while theV^hird one holds 
the double. . The. previous situation penalized on the RSF parameter is reconfimied in this new scenario .for the two 
•less well off users. ../:.■... 

.r [0051] The network makes only a check that a given number of users per time-slot allocated to tHe GPRS service 
IS not exceeded. The network can therefore allocate to the single MS mobile a number of time-slots. .:included within 
30 Its multi-slot capacity, trying to meet a given peak bit-rate, however it does not guarantee an average bjt-rate to 
pe mobile, though the average throughput Is a parameter foreseen by an appropriate QoS class: Thelaveraqe- bit-rate 
tor a TBF connection is proportional to its RSFi parameter. • * . 

[0052] The known art consisting of the Round Robin scheduler certainly does not help resolving this problem on 
the contrary it pnvileges the relative scheduling frequency (RSF) of the users having more allocated channels and 
reduced the average bit-rate of users with a few shared resources in favour of the first ones. What said finds 
35 immediate confinnation in the comparison between the cake graphs of Figures 9d andlOd. in. which we can see how 
the aggregate area TBF1 + TBF2 con-esponding to RSFi parameters of the two less well off connections, is compresses 
as the unevenness in the sharing of time-slots increases. Having assumed the RSFi parameter as 'indicative of the 
average bit-rate (at equal coding scheme and radio conditions of the channel), the above mentioned* considerations 
demonstrate that the scheduler Round Robin, assigning the use of the radio channel matching a generic time-slot j in 
equiprobable way between the TBF/ sharing the time-slot/, is not fair at all in a GPRS context, and consequently it 
appeare inadequate in the attempt of assuring that the RSF parameter Is proportional to the numbef of TS allocated 
to the TBF connection /. J:¥. 



to the TBF connection /. .,^t 

Objects of the invention a i 

• ^ -i ^ . • ■ ■ 

[0053] Therefore, scope of the present invention is to overcome the drawbacks of the scheduling methods 
according to the known art, where applied to the time-slots of a TDMA radio frame, and to indic^tfe a scheduling 
procedure of transmission pennits having equity characteristics in the exploitation of shared resources in the 
attempt of guaranteeing a RSF/ proportional to the number of TS negotiated by the connection / with the netwqri< that 
IS an RSF/ proportional to the negotiated peak transmission speed. ' 
{0054] Further object of the invention is to indicate another embodiment of the procedure that while 
maintaining the above-mentioned equity characteristics, tries to guarantee an RSF/ proportional to the number of TS 
requested by the mobile to the network on the moment the connection / is established, that is an RSF/ -proportional to 
the peak transmission speed requested and not othen/vise only negotiated. 

Summary of the invention 



[0055] To attain these objects, scope of the present invention is a scheduling procedure of transmission permits 
as described in claim 1 . With this teaching, it results for the RSF/ parameter . . 
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RSF(TBFi) = Number of allocated TS for TBFi 
:y' :^Numbercf oMQtedTS^^f^ 

.•;;[dd56r- - Frdmclaiml a substanti^^^^ 
- \methodf;and.in particular: while the scheduling accordirig to the Round Robin method ernploys a rigidly deterministic 
mechantsm to assign, to transmission, queues the permits for. the exclusive use of time-slots, mechanism that foresees 
• 10 to- alternatively assign, among the transmission: queues sharing;the time-slots the permits available in each 
elern^entary scheduling s scheduling according to the procedure of the inventlbh grounds o 

the highest possible number of pemnlts among those available in each elementary scheduling Is^^^ 
. queue selected in a completely randpm:^^^ ^ v^«-ueii ism ni5.5iu^^^^^^ 

:[0057], : The diversity; In . the, basic presuppositions of the two^ scheduliri^ method^ reflects ■ on [ the " behaviour 
- . characteristics of the same, Moreln particular: the scheduling mechanism of.the. Round Robin methodJis so^^lementarv 
75 such to . result , insensitive to the factors that can limit the - number. ;of transmission penriits l assigned to a 
transmission queue; such as for instance: the length.of;the queue of .tranimission pemiits. the maximum number of 
: pennits^that can t)e assigned, the . number of permits'already assigned, the number of , pacl<ets stiirt6:be transmitted 
^V^l^^^ ^na'y^is ^CQuId appear an. advantage of the . Round Robin .method. ^hd Vactually it is its 

r : 2^^?'"t^.,!^®®'-^<:?"se. the^^ mechanism does nofcbnterripiate^ variation of the^access 

-k; PCpbabilities^to timerslpts .i^ otherwise , penalized.^ This, does ■ hot ' result for the procedure of the 

»nve(ition. which, tiying tp;force;to:th^.ma)dnium-e?^enf th.e permit .assigrinrient- to "the randomly selected queue.' scon 
cla^shes the physical .restrictions : imposed by . the . system! jNotwithstariding, the fact to brivil^ge the reievant 
: : schedullng.^ntensity represents, as we .shall see in short, the force point of the procedure of the Inventioh. 

[0058]. Further. object of the invention is another embodiment of the procedure, ^s described Iri an appended 
clairTi,.With the.additional teaching supplied by the variant, for the RSF/^gr parameter it results: . 

RSF(TBFi) . - Number of TS allocated for TBFi x Wi 

.var ^Number of TS allocated for TBFfx Wj = 

. . j'^l,^...,NUMaEROFTBF 

"t '■• 

[0059] Also in the case of the variant, the scheduling procedure tries to meet the proportionliiity requirement 
of the RSF/^ar parameter with the peak transmission speed, but employs a weight Wi to give the TBfV^ higher priority 
in order to satisfy the requirement on the requested speed, generally higher than the negotiated one. H " ' T 

Advantages of the Invention 

[0060] The scheduling procedure according to the invention, thanks to the random selection! of transrfiission 
queues together with the particular perinit assignment method, does not benefit any queue to the detriment of the 
Other ones and enables the mobiles an access to the time-slots, shared in the radio frame, much more fair than the 
one that can be obtained with the methods of the known art. because the number of pemiits assigned to each 
transmission queue results averagedly proportional according to the (3) at the peak transmission speed negotiated by 
'i. ; each mobile with the networi^. The mean has to be intended as extended on more scheduling steps. 

[0061] The advantage of higher equity cleariy appears from the comparison of Figures 9a ?9d of the Round Robin 
scheduler with the con-esponding Figures 11a ?11d of a scheduler operating according to the procedure of the 
45 present Invention, the two groups of figures refemng to a common allocation table shown in Figures 9a and 11a The 
visual comparison of the two cake diagrams in Figures 9d and lid cleariy shows how in Figure 11d of the proposed 
scheduler the areas representing the RSF values of TBFI . and 2 result more extended than the con-esponding 
areas in Figure 9d of the Round Robin scheduler, causing a decrease of the TBF3 area. The fdble in Figure 
- 11c shows that for the proposed scheduler RSFi values representing the relative scheduling frequency calculated 
_ according to the (3) are pnDportional to the number of time-slots allocated to each TBFi, ' through a 1/6 
proportionality constant. In equivalent words, this means that transmission permits are assigned t6 -the mobiles in 
proportion to the peaks transmission speed negotiated by each mobile, contrarily to what ap^pears from the 
table in Figure 9c relevant to the Round Robin scheduler. On the contrary, the table in Figure 9c sHd^ws that for the 
Round Robin scheduler. RSFi values are proportional to the single access probability to the time^sbts. through a 
1/3-proportionality constant. This means that transmission permits are assigned to the mobiles witKdut meeting the 
cntenon of proportionality at the peak transmission speed negotiated by each mobile. The table in Figiire 11b relevant 
to the proposed scheduler, shows that matching each time-slot TS the access probability al TS is riot equally 
clistnbuted among all the buffers TBFi allocated on that TS. contrarily to what appears in Figure 9b.* relevant to the 
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Round Robin scheduler. The comparison of these last tables shows . that in the' scheduler of tlnl invention the 
access probabNity is increased at time-slot 1 of the TBF1. less well -off., to the detriWnt VTh^ acc^^^ 
probability to thp^ same; tinr,e.-slot by the TBF3., rnore. well-off. in •-practice; tt is subtraXd^oMwho tcf-W 
users to^give it to "poor^ ones:U.deritical conclusions 

Round Robin schedliler>r|th;tlie con-esponding Figures 12a ?12d of the proposed scheduler m® 
[O.OM]: ;, -.; The behaviour highlighted :fo.r:'me: scheduling proceddre accordirig to the- iriventioh r^'medles tb thP 
lackmg measure, .of;^ «he- resources to the single user wT& 

global,- situation or: the other users on ^ t^ different time-slots. The procedure; of the inSn' Ha^Sed K 
^i^^'^^ '^^T^- .^^-Vna thev access probability , -to the shared time^slot.; in the SeSdh clfrre^." 
SnI . nfT^''^'- ^^'^ automatism is additionally perfected by another embodiment of the prdcSe" n oX § 
-othtl^ise;^^^^^^ °V''^ mobiles submitted by the . network, to a - policy 5 resou^e^ 

5rief description of figur^is ^.■ : ^ 

K?nob With .further objects; and advantabes. thereof rrray be underetood with- 

V. Figure 1 Shows a very generalv^^ integrated telephone network Including dPRSnetwo^^^ 

-Figure 2.shows thie:functto service! : 

^ lnFigi«^3show^^ 

■ ^i?."'^ H architecture of the protocols foreseen Iri some layers of the Transmission Pline of Figure 3 

engaged in the communication between the MS mobiles i^^^^ r . ^■ ''^ 

Figures 5Ao 8 show the formats of some serial Jnfom^ ; / 

^ Figures 9a ?9d and 1«a .?l6d show two groups of tables concerning the operation of a scheduler c^jthe known art. 
' tSpreLm^nvlit^ -^^^ ?12d show two groups of tables concerning the operation of a scheduier according to 

Figure 13 shows a block diagram of a BSS sub-system according to the present invention. " 

ni^or^JKi^^u""-^ ^. ^1°?.^. '^'tF'lo^^ ^^''''^ °^ ^'9^'® d^^^'' s'gna^s exchanged among the 

different blocks included in the BSC block. ' o-«"^iiy me 

Figure 15 shows the structure of the buffers arid records Included in the TBF MANAGER block of Figure 14. 
Figure 16 shows the structure of the buffers and records included In the Downlink Scheduler block oi Figure 14. 
Figure 1 6a shows a record used by the Downlink Scheduler block of Figure 16. ; (' 

Figure 17 shows the structure of the buffers and records included In the Uplink Scheduler block of F^|ure 14. 
Figure 18 shows a particular filling mode of a generic buffer UL_Buffer_TS(.) of Figure 1 7. 
Figures 19a, 19b and 19c show a very general flow chart of the scheduling procedure of the preser^finventlon. 
£^heSer^blocko^ ^ ^'""^ ""^^"^ relevant to the filling of the buffers included in* the Downlink 

Rgures 21a and 21b show a flow chart relevant to the decisions made by the Downlink Scheduler block of Figure 

Figures 22a and 22b show a flow chart relevant to the filling of buffers included in the Uplink Scheduler 
block of Figure 17. In compliance with the filling method Indicated In Figure 18. 

Figure 23 shows a flow chart relevant to the decisions made by the Uplink Scheduler block of Figure 17. 
Figures 24a and 24b show a flow chart relevant to the decisions made by the TBF MANAGER blocWof Figure 15, 
Figures 25a, 25b, and 25c show the state of buffers and records included in the TBF MANAGER, Downlink 
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Scheduler, and Uplink Scheduler blocks of figures 15; 16. and 17 matching a practical example of Implerrientation 
. of the scheduling procedure of the present invention,. 

" ' '"^SHf® 26 shbws a sequence of tables/show^ evolution -of the state of buffers and records lhc(uded -ih^ 

• ../Ppwnlirik Scheduler, and Uplink Schedulerrblbcks of figures 25b a pf the practical implementetibn.exaniple;-... 

•Detailed descriptip^^ - \ >i 

. [0064] . :: Figures i . to. 12 have already been comm^e^^ BSS block- connected td; IMS bl^ The 

BSS. block indudes a BSC block and some BTS blocks. The BSC block includes in turn a. block ca lied LLC Layer a 

eSM-:GPRS base stations connected.thrpugh an on-alr interface Urn to a plurality of MS mobile stations- (Mobile Station) 
. and through: an Abis - interface at ., the base station controller BSC (Base Station Controller) ••' The latter' -is 
connected to the^SGSN a Gb interface. The LLC. Layer block has a . bi-directidnal connection 

with the TBF MANAGER block that, in. turn has a bi-directional :connection with the Scheduler block- and with the 
Physical Layer block. The view of Fig^ 13 is intentionally general because its .scope is that :to locate the 
invention within the system. As we shall see, the Invention is located in the Scheduler block; but also the TBF 
MANAQER block IS involved. For the description of the operation of the other blockis. and. interfaced reference shall 
bemade to therelevaht.specifications of the GSM , 

^^^^.r: .yy'^^ block Lay^r sehds the. fbllowiha iriformatibn 
V.to^heTBF MANAGER-block:: O . : - . ' : ; ." . ; 

" Countdown values CV (Countdown Value) Indicative of the state of buffered connections UL TBF allocated for the 
: uplink trafnsfer; ■ ' • - ... ~ 

- TLLr identifiers and multi-slot . . ; ■ 

• " . - . ■ . . ■ ,■ . --• . . •• fit ' . ■ ' 

[0066] . The LLC Layer block receives in turn from the TBF MANAGER block, the LLC framdi- for the uplink 
connectfons. The TBF MANAGER block sends the Physical Layer block the RLC/MAC radio blocks withhhe -associated 
USF multiplexed for TDMA on each time slot. The Physical. Layer block sends the TBF Manager bloci<. the RLC/MAC 
radio blocks coming from the uplink connections. '-.h . 

The TBF MANAGER block transmits the following information to the Scheduler block: 

- a DL_NumBlocks_TBF_transmit value for each DL_TBF connection; 

- a UL_NumBlocks_TBF_transmit value for each UL_TBF connection; 

r specific requests, for instance for the polling or sending of downlink control blocks; 

- a tabular infonnation with the indication of the tlme-slots of the multistat class assigned to each connection 
'^L.TBF and UL_TBF (indicated by their common Identifier TFI). and the values of USF flags to be used in downlink. 

: t 

[0067] The Scheduler block includes a Downlink Scheduler block and an Uplink Scheduler block:. The Downlink 
Scheduler block has a connection with the block beneath and generates a scheduling information DLJista that is sent 
to the TBF MANAGER block for the scheduling of the transmissions of RLC/MAC blocks in downlink Likewise the 
Uplink Scheduler block generates a scheduling infonnation UPJista that is sent to the TBF MANAGER block for the 
scheduling of the transmission of the RLC/MAC blocks in uplink. : ; . 

[0068] With reference to Figure 15, it can be noticed that the TBF MANAGER block includes a memorv 
ALLOC^Array; n buffers DL_TBF1. DL_TBF2, ..... DL_TBFn; n buffers UL_TBF1, UL_TBF2. UuiTBFn- and the 
following records: DL_NumBlocks_TBF_transmit. UL_NumBlocks_TBFJransmit, DLJista(t3tep - 1). arid UL lista(t3je - 
1 ). The memory ALLOC^An^ay contains the tabular infomiation that shall be supplied to the Scheduler downfink and^to 
the Scheduler uplink. A buffer DL^TBF/ con (/ = 1,..., n) is allocated to a mobile / that obtains the access to the GPRS 
service in its multi-slot capacity, and is used to contain the queue of RLC/MAC blocks, either data or control ones 
the network intends to downlink transmit towards the mobile /. The DL_NumBlocks_TBF_transmit record has n positions 
as are the DL_TBF buffers it is associated to. in each position / of this record, the cun-ent number of RLC blocks 
contained in buffer DL_TBF/ is stored. A buffer UL_TBF/ with (/ = 1..... n) is allocated to a mobile / that obtains the 
access to the GPRS service, and is used to contain the CV/ number of the RLC/MAC blocks, either datd or control ones 
the mobile / intends to transmit in uplink towards the network. The UL_NumBlocks_TBFJransmit record has n positions 
as are the buffers UL_TBF it is associated to. in each position / of this record, the CV/ content of buffer UL TBFi is 
stored. - 

In Figure 15 we can notice a difference in representation within the TBF MANAGER bloQk between the 
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r S f- . "^''^^Mstaasi^^^^^^^ each N_ts pdsitioris. as are tt^e time-slots per 

l^^^eme^f^S^^ 1) -cord, the '2^5: 

polling. Jn -each position j of the ULJIstafeep - 1) record, the value of.the' USF flag that shall ^^^^^^^ 
^ymneldoMJ^K^ 

10 Srlnoht p- ■ ff"^- ^-''^^^^W. - : ).. by the .TBF. MANAGER block: shall be briefly: described with 

reference to Figure 19c/and more iri detail wlthMererice to^R^^ . "''V 

fo^Ir^l D -i?-"'®^^^^^ be.noticed, that the Downlink Scheduler bidck includes buffers and 

LEn'di: Buff^i^^r^^T^^^ DL^NumBlocks.TBF Scheduled, LEN'SSer TS 

. LENDL Buffer_sgn_TS/ .arid vDLJ St/ The DL NumBlocks TBF transmit ^^nd ~DL NumBI6ck^%RF""^nh«HT, <?rt 
.records have n^posltions;, the first. one; has already been mentroned7its repetitfon hewSg ^^Jb^^^^ 
£°7''"'' ^'^^'^^^^^ remanding reco ds hTve N TS poSi^s as are 

■ Sl SS sI^^^^^ Buffers included are: a^stfbLpTf'bu^^^^^^^ 

™ -B.,2pr-T?i^M second ; group of DL Buler TSftP 

.DL_Buffer^TS(N_TS). l?uffers, and a single buffer.MN_FIFO Requests. Each buffer of the first and"se6o^d dm., n* io hi" 

, buffer mat stores in the arrival order the priority requests received from the TBF MANAGER btocktSr ^h^*^^^^ 

rRR^p'tleld^^^^^ The requests^lainvthe identifier TFi:'S>SSy^atc^^^^^^ S.^iira^f of 

• K^fc f ® ' c°"*™' blocks containing signalling messages. The abovermentioned: requests' can also conta n TF 
Sio® K "^^^^'^l blocks, called "Dummy", relevant to a message thKe .net^bS send?to 12 

- Z PiFn p" '* ""f^r^ to engage the connection downlink but it has no effeLe btocK triSt T^e 
bL B,S?rsan''Tl%^^^^ ? FIFO memory and the requests read are time. by tim/inter^^^ 

?or S-h h.?«I^nf R /"^■rir^"''; 1^°"^""^ a fllling strategy that shall be indicated^in detail, describing Figure 

it Birffer T^^^^^ V-_B"ffe,;.TS record contains the current number of TFI identffieS contained fn^he 

S^nS^cLla^^rthrD? ^TrsinVS^ St^"-^"""-^^"-"^ ^^"^^ the currenf^umber o? TfI 

tiTl^l'*-^.^ ""^r DL-Buffer.sgn.TS. Matching a valid RRBP valuJ fofayTconn" ctf^^^^^^^ 
sSi^er to °' the MEM_command_DL_to_UL record to be used as command to tranlfir to the uplir^k 

MniinW^n L!?/«f T ^ IL®®- *° Corresponding y-th buffer used for the scheduling of transmission pSs 
Sfo?iLf^lrl?'f?K °" MEM_command_DL_to_UL record remains in the EMP#condition The 

detail on the treatment of the subject record is shown with Figures 21a and 23 

arl fn^^^wt' nf'^M IJ- 'l be noticed that the Uplink Scheduler block includes buffers and records. Recoitis 
Ihofn w I; U'-_N"'rB ocks_TBF_transmit. UL_NumBlocks_TBF_Scheduled. LEN UL Buffer TS. and UL liste 
It^«^^-K^ V'^"^"'^.^"'^ UL_NumBlocks_TBF_Schedured records have n poiitions lh6 fire? recoS hJs 

^ANAr PR hio^. xTf "^"^^^ '"^'^ "P^'^*'"" °^ UP'i"^ Scheduler independlr^^Tmm the TBF 
^c^^n^H . ^ ^®c°^^s '^^^e N_TS positions, as are the time-slots per TDMA" rame cu^ntlv 

UL BuSr Tc;,^\i^'^'^^,^^^r: ''"^^^ '"^^'^^^d are those of a thirxl gr^up UL BuK^Tsm 

romn^^fn-/ i -T®^' bi-univocally associated to a time-slot currently allocated forThe GPRS servic^' 

oeZs of ron,^f hT IT' Sc.heduler of Figure 16 we notice the absence of buffers for the scheduling of tSnsmrston 
perrnits of control blocks, this because the control of the signalling for the complex of MS mobUe stSfons is of 
course earned out by the networic that avails of the downlink trunk to perform its control ' 

buS UL tIf? iih»H^oHS«®*i''""^r °J ^ ^^''^ ^roup contains the queues of the USF/ flags 6f one or more 
chfif K^VS , w?'^^®^".®^ for the uplink transmission of the next RLC blocks, following a filling strateov that 
50 fi R?.^r'*Tc*^^'"/^*^'' describingFlgure 22b. With reference to Figure 18 it can be noticed thatPa genTnc buS 

asTt sh^llL Sff Tk^'T^"* ^'^^y^ ^^P' ^"^P'y *° ^" "Pl'^k position iri'ifease of po^ng 

hM«i« reference to Figures from21a on. At the end of the filling phase the ut^Buffer TS are 

' 5l N^a r?rn?H wi^ 'nformation that entered first a UL_Buffer_TS{/) buffer is written at the y-t^l,oSn of Zl 
iL-^T ''"^^'y descnbed with reference to Figure 19b, and in more detail with reference to #i|ure 23 

I . L^^ remaining records are concerned, the /-th position of the UL NumBlocks /TBF' Scheduled 
55 .c°" a-ns the number of RLC blocks already scheduled for the UL_TBF/ buffer. The J^lSsiton of he 

mo^TQ^rfl -T! l^^'Z'^ ^"^^"^ °^ elements of the UL Buffer. TS(/) buffefS is to sav 

. the USF, flags valid for the uplink scheduling, a USF flag FREE coded to be.used as peTmit to sen J ^ PfUcH 
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for the. random access of the mobile to the data network, .the convenience element at the. position x EMPTY coded to 
aYoid^ponflictswhen an uplink RLC block.is allocated through the polling mechanism, and possible '^elements NOT 

, , - USED coded inserted during jprey^^^ of the ppsitlon x for the. polling. ; 1 T 

lOpUl ■ : • ./.VVith reference, ^ to FlgureW;i9a/. 19b\ arid the :schedulihg procediM' scope^df th^ ' 

/. invention:. js : given, ::Figure concerns : cJownlinb openatlohs^^w^ Figbre , 19b concerns^ uplinfe^-^Wes ^ Figure 

:V-- . • ■ :19P^:concerns operations cpmmon .td the. tWo :cjirectionsv^The^hree^figures^sHo time cJiiTiensidn^df a scheauiind 

. . PPrrespondingJot^^^ RLC block; on four TDM A frameV. In Figures- 19a and 19b the h- 

:th-schedulin^. step/is .dM^^ the" downlink direction 

■ . . . .and.- :Au, B^, r^, for the uplink direction. Ad and Ay phases ^areiphases^for tfie acquisi starting Jnfbririatibn 

.necessary.to the.operatipns made during the:^^c^^^^ The.Bo and Bp phases are phases for the-" 

r:- p.lling .of the queues of ^ t^ the downHnk-scheduiing and the second one ' 

to the uphnk one. The and phases are phases which the' two.- schedulers emit the decisions fdliowing the 
15:' : schedulirig strategy. n:he: two phases .are not independeni, as:^^^^ see; -their synchronisation and the possible 
tr^nsfer^of a resen^ation command from the downlink Scheduler toihe- uplink Scheduler necessary: The decisions 
. - ofv the two ^heduler^ . are stored . in the: two relevant recprds^D^^^^ 
■deliyered.tp the.-T^ MU for their execution atlhe next sche^ 

yj- . with^^n initiahdefay pf 20 ms. In the commdn^^^ block is piloted by the decisions of the two 

. Schedqlers taken, dunng the previous schedulirig step n-T and stored in DLJista(tstep> T). and gi!jista(tste * 1) 
records.}vDuring the; present scheduling - step information is sequentially: scanned at time-^iot^frekiencv ^ Ihe 
scheduled, transmissions made, as it shall be better described when commenting Figures 24a arta*24b The text 
contained in the boxes of Figures 19a, 19b and 19c describes the listed phases of the procedure!' rr^intainlng a 
given_ generality degree; the subsequentFigures 20a ?24b: shall be described with the right detail degree using the 
descnptive approach of the flow charts of computers. This is coaect since the Scheduier block ofFigui^*14 is included 
in a; PCU (Packet Control Unit) card of the BSC station controller, governed by a microprocessor controlled bv a 
program implementing the procedure of the invehtibh. . . ^ . . 

^'^^ reference to Figures 20a and 26b it is now described the filling. phase of the DL_Buffer_sgn TS arid 
DL Buffer_TS buffers ip the frame of the downlink scheduling activity. Figure 20a is referred to the DL Buffer^sqn TS 
buffers.and Figure 20b to DL_Buffer_TS buffers. With reference to Figure 20a, the program startslrom a*" starting 
phase INIZ in which the necessary resources in. terms of. buffers and record for the downlink scheduling are allocated 
in the memory of the microprocessor; these resources shall be specified describing Figure 20b. The prdgram therefore 
crosses apoint A and goes to step D1 where an index s is initialized, used to scan the iterations of a service 
cycle of the priority requests, sent by the TBF MANAGER block for signalling and control requirements The sen/ice 
cycle consists of steps D2 through D14. At the step D2 a reading is made of the FIFO MN^FIFO Request buffer to 
35 ?^^"*!? requests of TBF MANAGER that has been waiting in queue for a longer time. At step D3 the program asks 
Itself If the reading made indicates that the buffer is empty, in this case the program skips to a point B where a filling 
strategy of buffers DL_Buffer_TS is started. If the MN_FIFO_Request buffer is not empty, the program enters phase D4 
for the decoding of the info mnation fields read. The decoding can supply one of the following infonnation- drTFIi 
d/TFI/ & RRBP, u/TFI/, u/TFIi & RRBP. The four possibilities originate a bifurcation of the flow-chart in two 
^ ^^Pli'^l® branches. The first branch consists of steps D5, D6, D7. and D8 and con-esponds tdtthe d/TFI/ or 
40 d/TFI / & RRBP conditions that can be read in block D5. The second branch consists of steps D11. DfS 013 and D14 
and corresponds to the u/TFI/ or u/TFI/ & RRBP conditions that can be in block D1 1 . The two branchepdin together at 
step D9. Travelling the first branch, the program encounters the step D6, where it selects a tflife-sjpt having j 
index to insert, at step D7, in the first free position of the DL_Buffer_sgn,TSO) buffer associated i to the time-slot 
having index y. the infomnation field just decoded d/TFI/. or d/TFI/ & RRBP, to be used as transmt^dn permit of a 
control block /. The criterion adopted is to select among all the buffers DL_Buffer_sgn_TS associSed to the time- 
slots included in the multi-slot class of the mobile /, the one containing the shortest TFI/ pennit queue; considering the 
fact that at the length of a pennit queue, all the connections sharing the same time-slot that allocates the queue 
can contnbute, The selected DL_Buffer_sgn_TS(/) buffer restricts the selection of the time-slot. At step D8 the 
indicated records are increased. A test is made on the s Index value at step D9 to see if the MN_FlFOJRequests queue 
J. . has been emptied or if the scheduling step is over. If one of the two conditions occur, the program goes to point B 
^ othenYise it performs a second iteration of the cycle s. Retuming to the decoding step D4, if me decoding is 
refen-ed to the second branch D1 1 ?D14, the program performs legible actions in the relevant blocks. ' ' 
[0076] The. crossing of point B for the execution of step D15 occurs when the scheduler has served all the 
pending priority requests. From step D16 to step D20 a filling iteration is made of a buffer DL_Buffer_TS(/) selected 
according to the strategy shown. The final step D20 sends back to step D16 for the inspection of tlie conditions for 
a new iteration; is filling is ended the program crosses a point C introducing the management of the doyvniink scheduler 
55 decisions. Filling operations made at steps 016 ?D20 require the following parameters; some of them take the name 
of the host record: 
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PARAMETERS FOR THE. DL_TBF QUEUES 

.[0077]' - ; ■; ,v .. ':' 

. ,- DL_NumBlocks^TBF_tra^^^^^ 15 it js the: humber of RLC blocks that the 

.. Jli^SE^ ^ ■ • -'^^^^ ^ ^ a PLlTBFW queue ambn^.S^^^ 

^hiS^S1S"^S=^0?"'^^^ Figure 16.-:it is the .nurrib^^ 

r^^^^^^e cuS f"^^ ^ 4e<^u«ng :«eration^ h|.,re4dy b.en 
N_TBF: it is the total number of queues DL:.TBF allocated to the current schedulirig step. . ^ 
PARAMETERS PERI BUF^ 



■ : i 



ijdjfy numlDer:pf;tlme-s^ value ^assumed fay an 

vlitt^ ^ number c>f^lRLC .bbcks currently scheduled 

Max_Leri_DL_Buffer TS: Is th 

:NumBlocks^TBF_tO:.TS:: it is the number of RLC blocks . scheduled In the cun^ent scheduling step up to the 
previous -updating instant of the permit numbfer. . ^ 

Max NumBlocksTBF^to^TS: it is the maximum number of RLC blocks that can be allocated at :each schedulina 
step by the queues DL^TBF to buffers DL.Buffer^TS. It con-esponds also to the maximum numbanbf permits that 
can be scheduled m a scheduling step t.^^p having 20 ms duration. This number Is let equal at leaist to the value 
N_TS+ 1 in order to avoid to empty beforehand the buffers of transmission permits/Values of Index $ > N TS+1 can 
be considered, compatibly with the maximum length foreseen. for the buffers of transmission peTmlts It is 
assumed a default value = N_TS+1. . k^mmu^*. is, 

Blocks_Single_TBF: it is the number of transmission pemiits for the DL_TBF(/) queue that can be completely 
inserted in the corresponding number of free positions of DL Buffer TS(/) buffer associated to the time- 
slot; selected to serve the transmission queue pL_TBF(/). ~ " 

■' } 

[0079] This said, the following variables are reset at step D15: NumBlock_TBF_to_TS and Num Scheduled TBF 
n the next step D16 the program checks the simultaneous meeting of three conditions a), b). c) for thelillina 
iteratlonof buffers DL_Buffer_TS. The step D1 6 is the following: f f' i .« """19 

a) (DL_NumBlocks_TBF_transmit(/) > DL_NumBlocks_TBF_Scheduled(/) for any value of Index /) AND 

b) (NumBlocks_TBF_to_TS < Max_ NumBlocksTBF_to_TS) AND 

c) (Nunn_Scheduled_TBF < N_TBF). 

Concerning the condition a), any value of index / it can certainly be applied without restrictiJns only at the 
starting of the scheduling step, for the subsequent filling iterations the temi "any" is limited to DL TE^m queues that 
have still to be randomly selected. If at step 016 the answer is "yes" the program performs the D17 for the 
random selection with even probability distribution of a queue DL_TBF(/) not already selected beforehand durinq the 
current scheduling step. An applying rule is the following: a DL_TBF(0 queue can be selected 'only once in a 
scheduling step. Always remaining in step D17, matching the DL_TBF(/) queue selected the program reads the 
information present at the /-th position of record DL_NumBlocks_.TBFjransmit, whose meaning has already been 
descnbed matching the homonym parameter. Step D18 is then perfonmed for the selection of the time-slot j and of the 
relevant Ipuffer DL_Buffer_TS(/*) according to the methods that can be read in the figure. At the next step D19 the 
program calculates the Blocks.Slngle^TBF parameter for the DL_TBF{/) queue selected at the previous steo 
selecting the minimum value given by the following expressions: ' 
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■ - . - ■■ . • ■ '■ ■ • • • . . . • ■ i ■ ' 

. 1) DL:^NuniBIocks_TBF_trahsm ; . '- '['^ 

/ 2):Ma>CNumBloc^s^^ " - • '^9 • 

rTh^- expression j)^^^^^ numlier of ,RLC, blocks that the: DLTBF(/) queu^ has tb ^trahsmlt and^ riot vet schedulecj 

The;expr0ss,pr^2):g,ves the number of RLC:blbcks that can still be scheduled for the time- slot TsS 'Se^^S 
gives the: number^pf RLC: blocks that .can still be scheduled for the transmission queue DL T^^^ 
scheduling step^:. The- values . given- by expressions 1), 2). and. S) represent a same number ori Snb factors 
,max./nymvnumber of.:permlts^-t^^^^^^^ can be inserted in the selected DL Buffer TS(/). buffer MatS the ^m^^^ 
restriction we have the Blpcks_Single_TBF parameter used for the updating madi at the ne^ ste?D20 /^.^^'"^"^ 
[0080]: The stej3 020 Includes the following five ■ 

; ./1 : Theibentlfier>rFI(/) Is written iri the BlocKs^SirigleJ-BF firstfree^positlops of the selected buffer PL>uffer^TS(/). 
. 2/pli,NumBioc^ + Blocks^SingleJTBF: [ ■ 

.\ : 3:.NumBlocks^TBFJo_TS^^= 

; •■4. Leni,DLLBufferlTS(/) = LehJDL^BuifferitS(/) + Blbckslsirigle^BF::^ 
. :5/Num_Scheclui^^^^ 



■ ? t. 



bi° elffer TSin S^J^nZT^r ^® 'est phase D16 and, if the tested conditions indicate that the filling of 
PL^BufferTSW buffers IS ended, the program crosses point C and goes to the phase of decision emission of the 
downhnkpcheduler. It is demonstrated that the operation mode indicated at steps Dt5 ?D20 of FigUre IKnLtes to 
Obtain RSFr values of^expression (2). This means that transmission pemnifs are assigned, to the^bbhesTmean 
proportion to the number of time-slots allocated to each transmission queue DL TBF?). that is^ 'sly in ave^ae 
proportional to the peak transmission speed negotiated by each mobile with the network. , average 

[0082] The target of the decision emission phase is to orderly transfer a memory woixl. which has been waitina 
_ for a longer time in queue, from each DL_Buffer_sgn_TS or .DL.Buffer TS buffer to the DL lista record for it! 
onrnT/hJt MANAGER block. In the single k-th position of'the DLJista record tha infoi^ilfon <^m1ng fmm 
«hnvf "y^^'.^Z^^ 9'^'"9 P*'"*y to the buffer DL Buffer sgn TS WithThe 

above, at step D21 an index k that scans the iterations of two hidden writing cycles"of the DL lista record is 
initialized, of which, the more external cycle takes the infomration from the birffere DL Buffer TS S the mo I 
interna orie frorr, buffers DL_Buffer_sgn_TS. The program goes to the next step D22 crossfng a p5in1 E repreleXg 
ni^'i'T* °' an rteration of the more external cycle. At step D22 a test is made to detemiine the k th 
omni^ •^^'"P*^ °' ""^^ '"^""^tton to transfer. Whenever the above mentioned buffer 

results empty, the program crosses a point D that sends back to the starting of an iteration of thfefmore externa 
cycle. Should the subject buffer k-th be not empty the next steps D23 and D24 complete th2 rTsfer fo The 
^l^n^J!!^!^^.^T%" °' information fields (INF/) read by buffer DL Buffer sgn TS that are 

) •• eliminated by the buffer. An arialysis of infonnation fields INF/ follows. At the next step D25 the progTam T^rakes a test 
'° °^ a valid value of the RRBP field (Relative Reserved Block Period) In the affiirnative i 

means that dunng Ihe previous filing phase the branch D5 ?D8 foreseen for polling had been crossed to this 
♦hrl^fnlf fh f "1 '^^'^^ downlink Scheduler must necessarily interact with the uplink Scheduler 

h^SoPm V ^ ^kP^^'??!^'?; ^'^^P^ °^ command is to induce the downlink Scheduler to write in the Mh 

,^ buffer UL Buffer.TS a NOT USED code at the default position: x = value(RRBP) - 1 indicated in Figure 18 For what 
^f«ll", introduction on the mechanism of USF flags for the control if the uplink transmisstoh, and on the 
different mechanism of the RRBP field, it may be understood how the arrangement in D26 avoids interference beWi^een 
the two reservation mechanisms. In fact, leaving the position x free from USF it is prevented that any scheduled 
mobile can transmit a RLC block in the time slot in which the position x is placed. superiVnposing to he 
transmission made by the mobile uplink engaged by the mechanism RRBP. The interaction betweeri the two schedulers 
involves the need for their synchronisation, which can be solved in different ways. The non-limiting; mode presently 
MPM f^°:='9e °^ command, in the fomi of a VALID/ code, in one k-th Iposition of the 

wifhV°"'7^^ o ^ w°r^'-/®^°'''' °^ '''3"'® "^^^ processing of this, command shall be described when dealing 
with the up ink Scheduler. At the next step D27, directly reached for negative answer also in D25. a second test on 
the information INF/ is made to check the presence of a downlink fTFU identifier rather than an uplinkn-pi/ one The 
discnmination between these two identifiers, used by the TBF MANAGER block to send a correspdnding RLC/MAC 
control block, is used to introduce the next decrease step D28 only In the case of downlink schedulMa. The internal 
rteration is then completed performing steps D29. D30. and D3. If the test at step D31 says that the writing of the 
.'nHrJo.^''®?K .^^^ ''tt" ^o'^P'eted. the step D32 is made, which involves the execution of the lii^res operations 
ifll.« Th^fi^t operation Is used to relieve the DLJista record discharging its content' ih the DL^iS 

step - 1) record, in order to be able to receive the transfers at the next scheduling step and enable the:TBF MANAGER 
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block to operate in an Independent way. The second operation; consisting in the enabling of a 
End^command^DLJo^UL flag, is used to synchronise the. operation of the downlink scheduler. The third operation is 
' . the waiting for the epd pf the: current downlink scheduling step, then the program returns to point A of Figure 
^ 20a where a new downlink s^^^^^ 
[0083] / . . Reverting' to the test of step:. D22. . if the k-th . DL_Buffer^sgn_^tS' buffer results -erripty -t^^ 
^: :prqceeds; to .perfoRTi steps^-D iteration for'the transfer to .the k-th position' 't)f the DL lista 

recprd'of .a .word INF/ read in the. krth buffer DL_Buffer_T^ In this case the word INF) is* rnade of bnel^sihgle -ideS^^^ 
downlinkn;FI/:used/for downlink. scheduling- 
' and D36 and with. steps D37 and 038; If the test at step D31isays: that the writing: of ;the: DL ;lfeta record has 
. . • been completed, step D32 equal to step D32 is made; this means that steps .D32 and.bSQ are.altemativg the execution 

of either depends on where the deciislon emission stage 
ig _ , 10084] It is. now descnbed the uplink scheduling process of Figures. 22a, 22b and 23, With refei^knce to Figu 
22a i the program starts from ah injtial phase INIZ in which the necessary resources in t6rms of buffers and record.? 
. for;the uplink, scheduling, are allocated in the microprocessor memory, and reaid the association irifoirhatidn TFI/USF 
• on the. time-slots used in The. uplink process has the- : same starting instant of the current 

downlink scheduling.step. The steps preceding the filling of buffers UL:_:Buffer_TS are cornpletely -sl^^^^^ the 
con:esponding ones of: the downlink process, therefore the description of ah iteration, is sirhplified.: In practice 
?.5 the description of steps: U1, U2, US, U4. U5 can be referred to that of steps D 15, D 16. D17, D18. D19 of Figure 20b ' 
with the measure . tp risplace the prefix DL by UL when indicating : buffers, records, and. single parameters used in the 
calculations /Mso the conclusions concjBming..the RSF/^p^ 

K^^^J ^^ith;- :referehce:- to; VFIgure. 22b- ^ the next steps- U6 through- Uia i-epreseriti^^" Ulling . cycle of "th^ 
UL_:Buffer_TS(;) buffer (Figure .18) with a number Blocks_Slngle_TBF of USF/ flag^ calculated at step U5 
considering also • that, the ; parameter Max_Leh_UL_Buffer_TS is the .one resulting net of 6psition x The 
;UL_Buffer_TS(y) buffer .13 th€f one, s^^ ^ : : ' 

[O086], For the determination of the USF/ value at step U8 it must be considered that at the end. of step U5 the 
scheduler has already randomly selected the UL_TBF/ transmission queue and has also selected the time-slot TSy and 
. :the relevant buffer; UL_Buffer_TS (/) in which to enter the number of permits Blocks_Single^TBF;;p6ritrarily to the 
. downlink scheduling process, where the scheduler only enters the calculated number of identifiers in the permit 
25 buffer, without any need for transmitting via radio the permits to the mobileSi on the contrary, in ^he case of the 
uplink scheduling it is necessary to transmit via radio the permits to the mobiles. , and it is not pjossible to use 
the TFI fdentifiers of RLC blocks transmitted in downlink direction as pemriits ..(because already ^ngagfed for the 
Identification of the DL_TBF/ .transnniitting buffer). The GPRS strategy Js to use a second typology of identifiers 
precisely the USF, placing them aside the TFI.as uplink transmission permits. As already- said, d^USF permit is 
inserted in a RLC block extracted from a.DL^TBF queue and theriefore downlink transmitted on the oh^air interface to 
select the queue UL_TBF it shall transmit in uplink the next RLC block. In the assignment of. a U$F/ permit it is 
necessary to avoid collisions among the queues UL_,TBF/ sharing the time-slot J. The selection is bound to the 
clritena of the allocation table TFi/USF of step. INIZ, a concrete example of which can be seen at top of Figure 25a. The 
critena indicated in the table enable to detemnine the coa-ect USF/ value iassociated to. the transmission oueue 
If, UL^TBF / matching the time-slot y, ; ^ 

35 [0087] The filling method of the UL_Buffer_TS(/) buffer is such to leave the default position x always empty, 
and it shall always be at disposal of the decisions of the downlink Scheduler concerning the possible entering of 
the USF = NOT USED code. The program performs a test at step U7 to consider if the filling degree of the 
UL_Buffer__TS(/) buffer is such to exceed the position x, or possibly match, because in this cas^ it can write in 
sequence in U8 all the foreseen USF flags, without Intemjptions. In the next step U9 a cumulative^ updating of the 
) Len_UL_Buffer_TS record is made, and then the missing updates made in U10. On the contrary, if the test made at 
step U7 shows a filling degree of the UL_Bu1fer_TS(/) buffer lower than position x. it is necessary to follow the 
remaining steps U11 ?U18. where at each writing in the UL_Buffer_TS(y) buffer, the buffer lengtK is firstly unitary 
increased, and then the new length is tested to check the occurrence of position x, in order to 1 kip it. If in test 
:.• of step U12 it results that ail the pemnits have been written, the program performs the last lengiS increase and 
goes to the final updating step U10. Aftenvards, the program returns to step U2 to consider tlve possibility to 
perfomi another filling iteration of a buffer UL_Buffer_TS, not already scheduled at the cun-ent step!.-The same rule 
used in the downlink scheduling applies, according to which a buffer cannot be scheduled more than Qffbe iri the same 
scheduling step. If in U2 it results that the filling is ended, the program crosses point F and sets .?f6 consider the 
decision emission process of the uplink scheduler shown in Figure 23. ! 
[0088] With reference to Figure 23, it can be noticed that during the initial step U19 a qu^ry cycle of the 
End_command_DL_to_UL flag is introduced, to see if it becomes active. The synchronisation example ^given is a non- 
limiting solution of the synchronisation problem between two processes. The synchronisation methods available in the 
known technique are multiple. It is evident that the emissions of decisions shall come after the acquisition of the 
elements on which decisions have to be made. The strategy here adopted foresees that the commands of the downlink 
Scheduler are completely put at disposal at the end of the decision emission process by the mentioned scheduler To 
this purpose, the Scheduler downlink at step D26 of Figure 21a'Stores a command in the MEM_command_DL to UL 
record, and enables the End_command_DL_to_UL flag during the final steps D32 or D39 to enable the reading oflhe 
above mentioned record. Therefore, the strategy used imposes to the uplink Scheduler to wait for the completion of 
the commands it shall acquire, before emitting its decisions; however, this does not prevent that the uplink 
Scheduler can simultaneously still be engaged in the filling of its buffers. A different strategy based on the 
ihtenrupt signals could avoid the delay. 
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[0089] This let; in the next, step U20" is initialised an index k used to scan th^ iterations bf the emission 
. Rrocess. and in the. next step U21 the position k-th of record MEiy^lconrimand^DLJo^UL is read. Theinext steps U22 
U23, and, U24 .are in the reading . order of the content of field USF/. from the position waiting in queue , in each buffer 
' UL-Buffer^TSCk) for a-longer tirne/ and of .w^^^^ K-th position of record ULJista of the information read 

• which IS eliminated, by .the . relevant buffer.. The . separ^tev cancellation step U24' cleariy highlights that the : 
\^:y ' . UL_Buffer_TS(k) buffer does, behave, neither as a FIFO hdr as a shifting record; .where In both the c^ses the heading 
causes an automatic, shiftlrig: of. memory a location of the whole content: stored and . therefore the canceliation of the 

• V' . informatioh read. In the cases considered at steps U26. and. U29 t shifting of the UL_Buffer^T3(k) buffer' content is 

; not even, because it shall lireserve the. non-occupation ;of the default -positi^ said the 

cancellation of the. Information read is hot iautomaticV At step U25 the program performs- a test oh th^ command -read 
at step U21 to determine one of two different shifting methods of. the- UL_Bute^ More in 

particuJar. Jf it results from.. the , test at. step U25 that the code previously, read in" record MEM^i^corrimand- bL-- to UL 
. corresponds to a RRBP = VALID/ code,. the step .U26 is made. While in the contrary instance; that is when "aa EMPTY 
code is read, a step U29 is rhade. In the assumption of execution, of. step U26. the first operation consists in the 
insertion of a NOT USED code at the x position of the k-thi-UL^^Buffer^tS buffer, for the: reasons .me$^^^ 
times. Then, the indicated operations are perfonned in -brd^r. and. the result Is to. shift .the element x' £%\QT USED by 
. one position in outgoing, direction, just introduced/ together yvlth air the elements preceding in time "the position 
is X. The EMPTY code re-iptrpduced at the x position makes the etement x newly availablei. With the methdds indicated at 
step U26 the occupation degree of buffer UL_.BuffeilTS(k) remainjs unchanged, because the loss oif ah element at the 
previous step U24 is. compensated tfy the^ i^^^ element)NOT USED in the flow of. shifting elements 

• ;: therefore it is inot .necessaiy to decrease the cpritent of the k-th position of record Len_UL_Buffer_TS At step U27 

The content of position i-th bf the record .UL::NumBlocks_TBF_Scheduied.-sUffers a . unit decrease. The fact that at step 
]// U26 the . subject record has suffered ; a unit increase at the :Mh< position doe^^^ mean that two equal and contrary 
-20 . operations and therefore superfluous are made at steps U26 and U27; because index / of step U26 is alwavs 
different froni index /-at step U27::^^^^^^- , ^ . < 

[0090] In the aissurnption of execution of step U30 means that the^c^ 

therefore a new. element is not. created in .the- buffer. UL_Buffer_TS(kj following the shifting that maintains this: 
•5 * . position empty, in this case the loss of an element at the previous step U24 is an actual one and it is necessary to 
^ decrease by one unit the content of the k-th position of Len_ Buffer_TS and UL_NumBlocks_TBF_Scheduled records. 

[0091]. On completion of the writing cycle of record ULJista, the program performs the step U 32 that ends the 
decision emission process of the downlink Scheduler. In this processing step the flag . End_command_DL_tb UL is 
disabled, making it newly available for the downlink Scheduler; and after completion of the current scheduling step 
the program retums to point G of Figure 22a for the starting of a nevv scheduling step. 

[0092] With reference to Figures 24a and 24b it is finally considered the operation of the jBF MANAGER 
30 block of Figures 14 and 15. - ^ 

[0093] The first box INIZi of Figure 24a includes ail the infomiation transfen-ed by the netN^^rk to the TBF 
MANAGER block, which eriable this block to be able in tum to Instruct the two Schedulers concerning .^he processing 
they shall perfomri In the next scheduling step. Among these data appears also that for the rertransmission of 
wrongly received RLC blocks. When the TBF MANAGER is infonned that a RLC block transmitted on the TBF 
connection / has not been conectly received, it reinserts the block in the original queue of RLC blocks= to transmit 
35 for that TBF connection /. and unitary Increases the queue length: i j . 

DL_NumBlocks_TBF_transmlt(/) = DL_NumBlocks_TBF_transmit(/) + 1 for a downlink TBF. 

j : UL_NumBlocks_TBF_transmit{/) = UL__NumBlocks_TBF_transmit(/).+ 1 for a uplink TBF. 

40 

[0094] In the second INIZ2 box, all the information passed from the TBF MANAGER block to the twb Schedulers is 
highlighted. The infomnation indicated in INIZ1 and INIZ2 boxes can be read in Figure 14. The program; on completion 
: of the preparation phase, initializes at step Ml an index k used for the scanning of the two records DLJista(tstep - 1 ) 
and ULJista{tstep - 1) and relevant acquisition of scheduling infomnation stored by the schedulers. The scanning of 

45 the two records can be simultaneously made obsen^lng the writing sequence, which reflects the time order of time- 
slots GPRS. The two records store the result of the scheduling for the control of precedence in the transmissions of 
RLC/MAC blocks on the pn air interface. The TBF MANAGER block, interprets the infomiation received by the 
ischedulers, it too visible in Figure 14. and makes it effective towards the concerned base station (BT.S). and towards 
the MS mobile stations connected to the same. The program decodes at step M3 the information fi.ejds read at the 
previous step. It can also happen that an information field is empty, this occurrence means in dow^ink that the k- 
th buffers DL_Buffer_TS and DL_Buffer_sgn_TS are empty, and in uplink that the k-th buffer UL_Bu^&_TS is empty. 
The uplink case does not require particular measures, is treated without entering any USF In theVRLC block to 
transmit, while in the downlink case the program transmits a Dummy control block, possibly with U$F inserted, and 
proceeds to the next iteration. , [ 

[0095] At each iteration of the index k, con-esponding to a relevant time-slot GPRS, the infomnation read in the 

55 ^'^^ position of the ULJIsta(tstep - 1) record concerns the value of the USFi field only, which can jrfesult: effective, 
not used, or empty, respectively. Since the decoding of USF/, comes in only after that the decoding of the 
con-esponding infomnation read in the k-th position of the record DLJista(tstep - 1) has been sen/ed, the USF/ value, is 
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temporanly stored at step M4, With an alternative method the record ULJistaCt^tep - 1 ) can be read. anJfepV decoded 
. only on the moment of the actual utilization. „ 

fJ^^^.?l J«^e ■infonTOtlon: Coming-;fii).m bf the- reading made matching the. k-th position' of record 

DLJista(ts,ep - 1) is more articulated, The fpjlo^^^ • / \:' H - ■ : . 

: - ; \ ""IJ^i!^^^^^^^ "^^^ to a 

• situation^co^^n^^^^ side of Figure 20a 3t steps -DI I 14/ and- concerns t^^ control 

... .'^®'^ase;^o"sidered is.the o 

including a message; for inst^n^^^ a PACKET , UPLINK;, ACK/NACK messag^ for a . TBF/; uplink buffer It is a 
•» situation in which a cpncunrent downlink buf^^^^ 

— • ■ R^BP: thls;casfe can be compared to -tfie prey^ of the prbcessing of the RRBP 

. . . . field received by the. .scheduler, downlink; The- addifl^^^^ 

mopi.le to. acknovyledge in turn a transmitted downlink, meiss^ge, for instanc^, the PACKET UPLINK ACK/NACK 
mess^ge..mentioned . before; .The acknowledgement will occur in the block indicated by RRBP (con-esbondinq to 
■ ■ r default position ..x:in:.Figure . 18). The instance coincides it too to the situation considered in the right side of 

1^ concems the scheduling of. the control blocks. The treatment of decoding 

.'.P u/TFI &.RRBP: is not indicated, for shortness; In Fl^^ 24a and 24b. ; 

- . d/TFU & RRBP: Identifier TFI of a buffer TBF/ downlink, and a valid value of the . RRBP field. It con-esponds to a 
situation considered in the left ^ide of Figure .20a ;.at steps; D5 ?D 
) ... ^^^Z?^' ' ^® considered is the one in which • the network- transmits a downlink contrWt -biock to the 

25. mobile cpntaining for instance a PACKET DOWNLINK ACK/NACK message. Including an uplink aMnoWledgement 

. request to be made through the polling. mechanism. ■ ■ '^jl^ ■■ .y^.'^M' 

■ H^^^*' i^^^t'^'er ofd; downlink buffer TBF/V lacking a valid value bf the RRBP field. It con-esponds ^to two 
different situations.;A first situation is considered in the left side of Figure 20a at steps D5 ^D8 ^nd concerns the 
scheduling of control blocks. A second: situation is the one considered in Figure Mb. for the kcfiedulihq of RLC 
2$ blocks containing Data and are placed In the non-priority TBF queues. ^ . « 

. ,^^®PS M5. M9, and M1 5 describe the actions undertaken by the TBF MANAGER block matchinq the 
indicated infonnation. fields. Co ncemtng the missing step that can be refen-ed to the u/TFI/ & RRBP decoding it can 
be referred to step M9 replacing the term downlink by uplink. The above-mentioned actions consist in:a same number 
of selections. that the TBF -MANAGER block perfonns in the queues allocated to the same (Figure 16) l^or alTfhe 
connections except for those denoted d/TFI. It is selected the block characterized by the longer waiting time in its 
own queue, while for the connections denoted d/TFI, the selection shall meet a transmission priority among the 
Tf?-.!^^'^®^^'®® °" connections. Of course/the ways indicated by steps M5 M9 

arid M15 are altemative among them, once the program takes a path, it runs it up to step MS Included On the wav 
35 onginated at step M5. missing the downlink TBF buffer, it is not possible to implement the USF .mechanism 
consequently, the sole possible action is the uplink transmission of the selected contrx)! block. The wavs orioinated 
at step M9 or M1 5 foresee the decoding of the USFi field stored at step M4 to act as indicated in the figure 
[0098] With reference to Figures 25a, 25b, 25c, and 26 we give a practical implementationVlxampIe of the 
scheduling procedure scope of the invention. Figure 25a shows the filling status of buffers DL "isF and of the 
relevant records of the TBF MANAGER. In the upper part there is a table containing the in&tion for the 
allocation of the time-slots and USF flags at TBF connections. The example is Intentionally simplified td thr^e TBF/ onlv 
and to two time-slots only. In the lower part we can see the sequence of the blocks tr^nsmitt^rf on the on-air 
interface in downlink direction, obtained on the basis of the scheduling method of Figures 25bi and 25c For 
representation bnefness, three block periods only are considered. For each block period, the two fime-slots GPRS 
TS1 and TS2 are indicated. For each time-slot a RLC block is transmitted (Interieaved on four basic frWmes GSM) As 
Ik T.o noticed, the USF pemnits scheduled for the transmission in uplink direction are directly transmitted to 
the MS mobiles together with the relevant RLC blocks, contrarily to what happens for transmission in downlink 
direction. The different filling degree of DL_TBF1. 2, and 3 buffers appears from the values stored in the three 
con-esponding positions of the DL_NumBlocks^TBF_transmit record. The UL^NumBlocks TBF transmit record 
contains the dual infomnation for the UL_,TBF buffers. The information reported in these rec7)rdsTs transfen-ed to 
tne relevant schedulers, together with a polling request concerning the TBF1. In the different TBF/ buffers blocks 
appear in sequence order, but even they were not due to one or more blocks to re-transmit, the fact would not 
represent a limitation to the present invention because as already highlighted, the transmission of a sequence 
con-ectly ordered concerns the operations of the TBF MANAGER downstream the scheduling procedure Figures 25b 
and 25c show the filling condition of the buffers of transmission pemnits, respectively: DL Buffer sgn TS(/) for the 
control and signalling blocks. DL_Buffer_TS(/) for downlink scheduling, and UL_Buffer_TS(/) forTjplin'k schedulino 
The scheduling is a dynamic process and as such it involves a given difficulty of figurative representation A 
eJL? H •;®P''®^f t^^'on ^^uld require the repetition of the three figures 25a, 25b. and 25c at each: new scheduling 
step deleting from the TBF/ buffers of the transmitted blocks and inserting the new blocks to transrtiit. Adoptinq the 
simplification hypothesis according to which no new block enters the queues TBF/. and reverting to th^ibles ofFigure 
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. THROUGHPUT,^ {^-BLeR,) xRSF, xTS,^,xCS THROUGHPUT (7) 

CS_THROUGHPuf := f 8 kbit/s fdrCS=^1 - • : ' ' \ 

' ■ \ ;12kbit/sf6rCS-2 / ' " ' • ■ ' v: : 

/- .i4-.4kbit^forcs-3 \. ■*■ . : ■ 

\ 2P;kblt/s%r;CS-4-.:-.-*'r **■■-■.•■/•:■ ■.:'\v*V.- 

-Jn the^) TStotls m^ least for the same carrier Tf^- oht^in t^ci^ i-vi 



where: 



; . fSreq^ 



thl rH - ^^^ ■I?' * W^.are input pdrarnetere of and ard supplied by the^ entity assianihb' 

n!n« to the TBR. They are calculated on .tlie mpment of the establishment /reconfiguration of a TBF ^ ^^r^ 
[0105] . From the operatiorial ptoint of view, the ijroblem to be facecl by the Scheduler is thai iffi tranofnrm => - 

IBF, (con 1-1. ..n)aet the Pj expressed in percent poim^^^ ■ ■ . 

• ' ■ ■. • .-• ■■ ■ ' . • ■• ■ ••, ' ■ ■ ' 

Assume to have a random process extracting with even probability a number x 1 to 100 The orobaliilitv to eytrart a 
number x .s therefore 1/1 GO. After haying extracted x. the./ value.is^valuated such that Ihe foHowi^S^cS^^^^ ^ 

2]^/< Jc^l--P, w/»ere / = l...«,Po =0 (10) 

''^'k^kx! f °^ P| instance. Applying the (10) the extracted TBF is the Wh ^nd the percent 

probability to extract the TBF, is therefore equal to P,. m ana ine percent 



b pl ijp, IV, ^ ..... I, 

100% 



ilT/nlf^ extraction is therefore a random process with uneven extraction probability of the single TBF 

fhlf^L • ^''^"'P'®^^*^® "^3*^®"' better clarify what said. Considered tBF3 assian 

the following con-esponding percent extraction probabilities P1 , P2. P3 such for which: ' ' ^ 

Extraction probability TBF1, P1 =40% 



Extraction probability TBF2, P2=35% 
Extraction probability TBF3, P3=25% 
Let therefore: 



] i — r* 

0 40% 40+35=75% 40+35+25=100% 

Assuming that the random process that generates a number 1 to 100 extracts: 
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26 it is possible to follow the dynamic of the scheduling process while maintaining- the simplification to three 
. figures . only. This said, under the additional ..hypothesis that. RLC blocks to transmit hsive been maintained within the 

. . relevant buffers JBF/. the status of: buffers and. records In figureis 25a, .25b, and 25c. is. the. one '.resulting after 
some .sch'edulihg steps. This selcond hypothesis Is consistent with the first orie, rsirice if . rio' new .bloqk, enters -buffers 
TBF /. thefn It is always possible: to -follow step by step the evolution: of the scheduling proces^ .on the basis of the 
. - : initiiaKstatebf.the.abQm v - ^. ^ ^ x - 

[0099]: With riB%ence to Figure'26'it is^now examined step by. step the downlink scheduling,.-up t^ reaching the 
filling conditioh of the buffers and of the records, visible in Figure 25b. On top.of the three tables are; :^fiowh the three 
factors concuning in determining the maxinium number of pei^Tiits per TBF/ queue that caa b the cun-0rit 

. scheduling step, and the three conditions that, whenever simuibn6ously occurred,: enable to a ss^ji transmission 
permits to another TBF/ queue in the current scheduling step. The firsf table concerns the first -^Gheduling. step, 

10 where the insertion of a .TFI/TBF1. identifier and of the RRBP v3lue ,at the first position at bottom of the :buffer 
. .DL_Buffer_sgn_TS(1), is binding,: Since a valid value of RRBP is present, it is . also : necessary, to re'^rve an empty 
, ' position X (for Instance the third one) in the corresponding bujFfer UL_Buffer_sgnlTS(1). At the second iteration, 
.. . the TBF2 queue is randomly selected for the assignment of the permits. The two permit buffers DL_Sdffer TS.(1) and 
DL_Buffer_TS(2) are both empty, then, the second one is randomly selected to write two identifiers :TFiyTBF2, iii 
. . accordance with the second limiting factor.. Since the number of blocks scheiduled. up to now is 3, the .condition b) is 

1^ .no longer trues and ends the first scheduMng step. : At the first, iteration of the .second scheduling- step the .TBF2 
queuei is randomly selected. Dei due tirne-siots assigned tb TBF2, .the one whose permit buffeK results; less loaded is 

;., the DL_Buffer__TS(1) selected to insert the last -identifier TFI/TBF2, in ..accordance with. the. first limiting ' factor. 
At the second iteration the TBF1 queue is randomly selected for permit assignment: The TBF1 queue avails of the sole 
• time-siot: TS|, therefore the choice of. the buffer DLJ.Buffer^TS(1) is binding: It is possible to introduce t\vo" 

;) .. identifiers TFl/TBFI in this buffer, In accordance with the second limiting -factor. . Since the number, of blocks. 

20 scheduled up to now is 3. the . condition by. is no longer true; and -ends the secon 

iteration of the third: scheduling step the. TBFI.; queue is forcedly selected.; since it .is the . sole stiil having blocks 
to transmit. Also the selection of the DL:^Buffer_TS(1) buffer is binding; because it is the sdle orhe still having a 
free; position. In the. DL_Buffer_TS(1), buffer it. is possible to write- one TFI/TBF1 identifier only,, aftenvards this 

i buffer results full. .The condition c): sanctlbhing the end of the third scheduling step is actuated. Additional 

.^^ scheduling steps shall be possible ais the buffers of pemriits are emp^^ ' ]' 

[0100] Now, it is automatic to calculate the values of the RSF parameter (Relative Scheduling Frk^juency) for the 
•Identifiers TFI/TBF1, TFI/TBF2, and TFI/TBF3 on the basis of the state of buffers DL_&fiSer_TS(1) and 
DL^Buffer_TS(2) of Figure 25b, to compare then these values with similar values that would result|ffom the Round 
Robin method applied to the allocation table of Figure 25a. Finally, the following results for the^ method of the 
invention: RSF/TBF1 = 0,375; RSF/TBF2 = 0,375; RSF/TBF1 = 0,250. While for the Round Robin method it would 

30 result: RSF/TBF1 = 0,25; RSF/TBF2 = 0,50; RSF/TBF1 = 0,25. The example, though simple, confirms what already said 
in the introduction on the behaviour of the proposed scheduler; in particular it can be noticed how jH te^ms of RSF 
the transmission queue TBF2. with more allocated resources, cedes a part of resources utiiitation Jn favour of the 
TBF1 queue. 

[0101] With reference to Figure 25c of the uplink Scheduler, it is possible by analogy with the subjects 
developed on the downlink Scheduler of Figure 25b. to extend the tabular representation of the scheduling steps to 

35 the uplink Scheduler, up to reaching of the filling state of buffers and records visible in the figure. ; 

[0102] We shall now describe another embodiment of the procedure that introduces in the (3) the weighting 
operations that lead it to form (3'). The embodiment is implemented by the network entity assigning the resources to 
TBF connections. The above-mentioned entity tries to assign a number of time-slots TS to each TBF, depending on the 

f/ requested peak speed, rather than simply, on the negotiated one. According to the variant, the number of time-slots 
TSi assigned to a TBFi should be equal to the number of TS requested Tsreq, as indicated below: 

where: 

4$ T'Si = Number of TS assigned by the network to the mobile, § 



50 



TSreqj = Number of TS requested by the mobile to the network. 
PTj is the peak speed requested by the TBFj, 



[0103] In the (6) HCS is the highest coding scheme available on the canier. If TSi is equal to TSreq; for each TBFi 
r-r. then the Scheduler shall subdivide the resources in proportion to the number of TS assigned to each TBF, and the 

satisfaction requirement of the peak speed is however satisfied. Should the resources allocation procedure does not 
*r; succeed in allocating the number of TS requested to a given TBFi, that is TSi is lower than Tsreqi, the Scheduler still 
55 tries to meet the proportionality requirement at peak speed, giving higher priority to the TBFi. THe' throughput of 

the TBFi depends on the coding scheme CS (Coding Scheme) adopted and on re-transmissions (BLER= BLock Erause 

Rate) due to the radio conditions: 
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, *; ■ . • .25 then the TBF1 shall be extracted because 0 ^ 25 < 40 

■ •• , 38:theri the.re = ^ v • " . ' \ 

/5'v; : ■ > ^;58:tHenthe^ : - • ; 

r , . • V : !^5;theh ttiaJB extracted beoai^^ \ Vv ■ > : ' ■ • ' ; - • : 

-^•i i SS^thep the TBF3 shdll.be . ■ * - 

..■ {^■^P7^■: ; f'^^'^- ;^ identifiers of the TBF in ^ tabte In 

> • the^rnernory,. each TFI, shall be written in as many lines of the table as is the "value of its weighted Dercent 
' P;^^^ addressSSr^^ 

mecharnsm. either hardware or software, for the generation of sequences of random or. pseudo-random numbers as 
• Known. ^. . " ■ . 

^i-^f} ! ;^^^:^^^'^'^^^<is^^9 to fully seize the generality of . scheduling' procedure scope?of the invention 

requ re?^the^uRport^^^ in, the. downlink dlreictipn^dnHWhich^^^ connection amohd those 

transmissjon penmtsrcannpt leave out of consideration,.thie transmission :of permits to the: mobiles since the^atte 
have^np knowled^ 

, The uplink ;sct.edulingjhpugh the , trans^^ 
nrore ^used. .birt wpuld go through a crisis,, making actually: impossible' the uplink scheduling in <an hypothetical 
oonteM- 10- whi<^- uplmk transmissions .yi|ould-:withdraw bn.^townlink' trBasrciUtons.-:in-m 'case-- the dy^iamic allocation 
21 thfv""r -"J *^J'^^LT^y "rade. assigning the chanriel to the MS mobile stations for pre-set times multiples 
25 • lrJ^Z^^T!M °l^"J^^^^^^^^^ technical characteristics described in claim 1 would be mS 

P^^M ■ ^ ^"^'^ "^^^ above-mentioned subjects highlight some intrinsic limitationTol 

Ik! G?M-GPRS system, which however would re-present in any rnotsile system intending to include^ the methods of 
tne;packet transmission. These restrictions are essentially due to the centrality of the control within the BSS sub- 
system, and act downstream the uplink scheduling process without influencing the methods of transmission oemilt 
iij assignment In an hypothetical electronic system, non necessarily mobile, in which two groups of fixed eauioment 
30 Z^. ? *® ^° °^ ^ full-duplex channel communicate through a nant)w band TDMA interface, each ^rouo 
having its own central controller that avails of a permanently allocated channel to convey the sigriallinq of all the 
equipment could apply the teachings of the scheduling procedure of the present invention without the need for 
engaging the channel to transrriit the scheduled permits and without the need for scheduling signallinb together with 



15 



^0 



35 Claims 
1. 



Scheduling procedure of packet data transmissions on radio channels shared by the mobile stations of a mobile 
telephony system (GSM-GPRS), where channels correspond to equally transmission time intervals, or time-slots 
equi-spaced within a radio multiframe existing in each transmission direction, and one or more channels beinq 
)/ allocated to each unidirectional connection between a mobile and the network, or vice versa, on- the basis of the 

40 M.^' capacities of the mobile, each unidirectional connection allocating a transmission queue (DL TBF 

^ *^ ^^^^^ ^^^^ packets and control packets synchronised to the radio multiframe andirelating to the 
mobile station (MS) that identifies its connections and transmission concun-ent queues througfa at least one 
Identifier (TFI. USF) inserted in the packets; the procedure being divisible into scheduling steps havinq eaual 
duration indefinitely repeated.characterlzed in that: each scheduling step inciudes the following execution steos 
consisting of: ■ 



45 



a) associating to each channel assigned to the data transmission service a relevant first memory buffer 
(DL_Buffer_TS. UL_Buffer_TS) to house an exclusive queue of transmission permits (TFI USF) of data 
packets on the shared channels: ' ' 

b) randomly select one said transmission queue (DL^TBF/. UL^TBFi) among those currently allocated on said 
50 connections between the mobiles and the network; . : 

c) select a channel among those allocated matching said randomly selected transmissioh queue whose 
associated buffer of the transmission permits (DL_Buffer_TSy. UL_Buffer_TSy) results globally more unleaded 

^: case of two or more buffers equally unleaded, randomly select one of them; 

■.^) ^" maximum possible number of free sequential locations within said buffer of the transmission 
permits (DL_Buffer_TSy. UL_Buffer_TSy) that results more unloaded with a same number of identifiers (TFI/- 
. : ^^^^f °^ randomly selected transmission queue, compatibly with a maximum value of locations imposed by 
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; . , Se'^icSln^icS:';^ ^^-^^^on Of - a packet pn 

2. Scheduling procedure according to cl^im 1- characterized in that said trahsmissibn. queue (DL TBF,- UL TBF/i 

? procedure witii uneven pLabilty^^^i^^^^^ 

finffcfJ^l!^^ K^^ iJ*® in.: Which . the ratio between , the peak^^rarisS 

.; iSSoi&isjrSo:?"--^^^^ 

=t!vf "1- ^ procedure according .to claim i; or 2, characterized in that tl^e maximurn number of perrtiits that can-be 
. ■ or equai tolhe number;(N^S,.f said ctynelsaSlSS'S^ 

:':;iSSd^'sip?^ 

- Sl ^C^''^n°T^#""^' -^"l"* .1° transmission-service a ■relevant^secohd^ 
. . : :-. ::S^!;J^^t&^ queu. of t.n,m,^si<,n. pem,lts (d/TR.; u/TF,?.of; o^rlr.^ 

■ 0 read a^coritrol irifbnination m entered a . queue (MN FIFO Requ^^^^ 

requests of ^a contro^packet^sent . by . t^^ th?- signSllinS. and e^ract f^^^^^^ 

information the identifier: (d/TFI,. u^FJ); of .one said . connection (DL -TBF. UL TBF) and TSoStote 2S 
. value of a;positionar reservation queues.(RRBP); . . . ; . ~ .. °\L- y*^^ , 

M/^tr'fJa^l'^T^* ^"^y :a.llocated; ones matchirig the connection indicated by the extracted identifier 
(d'Tf^l. u^FO whose said associated second b^^^ Buffer sgn TSy) results 'more uSed 

and in the case of two.of rnpre-bciffers equally unloaded,,rarid6m!y siiect oni 6i them; ^^""^ i W ""'"^^ed. 

wUlf fhn ^fi*^ f '^l?r>«fier (d/TFI/. u/TFI/) and the possible said positional reservation queues (RRBP) 
iHont/®^ °^ said second more unloaded buffer of penT,its (DL Buffer 'sgn TsS^ said 

. nserted Identifier representing a permit for the priority transmission of a control Backet on thi 
Lch^HSoT"^i'^'°';-^°-^^'''^ UL.TBF/). and said positional reservation queues (RR&f) Jse^ng a . 
schedu ing-free location in one said first buffer of permits (UL_Buffer TSy. DL Buffer TSy) .placed^n the 
connection in opposite direction compared to the indicated one (u/TFI "dATFI) to" enable the transrriission of 
a reply packet on the same channel after a pre-set number of packets ^rting from ^oTe received 
containing the positional reservation queues (RRBP); ' ^^'^^'^^ 

i) repeat steps f) through h) up to exhaust said priority requests or up to the end of the scheduling step. 

5. Scheduling procedure according to one of the previous claims.characterized in that the execution steos b) c» 
fi %^„^^P^3*^'^ ^.[t^^'" the cun-ent scheduling step, randomly selecting one said transmission queue (DL -TBf ' 

coVS^simuftlne^'isI^^^^^^^ °' °' ^""^ ^^""^ "S"^'^' ^ ^°"°-n9 

■ !!!® number of packets within a transmission queue to randomly select (DL TBF/. UL TBF/) results hioher 
than the number of pemiits assigned up to now to that transmission queue; ~ 

- the number of packets that have received a permit up to now within the current scheduling step results 
lower than the said maximum number of pemnits that can be assigned in a scheduling step; 

■ v."?"®'' o^^^f^'ssion queues (DL_TBF/. UL_TBF/) selected from the starting of the Vscheduling step 
results lower than the total number of transmission queues. fi uumig siep 

.) '■; ■ 

n^fmsfr"!!?? P"?«^«dfe according to one of the previous claims.characterized in that said maximum possible 
number of locations for the insertion of said identifiers (TFI/; USF/) con-esponds to the minimum valufe'betvyeen: 

the number of packets within said randomly . selected transmission queue (DL TBF/i UL TBF/1 <itiii 
resulting without a transmission pemiit; or- 'i siiii 

- the number of packets that can still receive a transmission pennit on the selected channel; 

- the number of packets within said randomly selected transmission queue (DL_TBF/. UL.T^I^/) ifor which it 
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is still possible to assign a transmission permit to the curreht scheduling step: 



. 7, Scheduling procedure acM^ claims.charac^rized in ttiat: 

.* . a fi?*. type", of. identifiers -for. .both ' the ;trahsmissibn directiohs (d/TFI,- li/TFI) .Is used ^in said- second 
' buffers (DL_Buffer_sgn_TS) of the transrhlssiqr) permits; for the distribution of transmission . permits of 
; control packets by the transmissibn queues .(DL_TBF; .UL_TBF|.plkced.:o^^^ one or -bri the bther tra>ismissi6n 

: "! ■ t . ■ . qirectiop;' V- v" ':."^^" * • - ■'. ■•' ' ■ ■ ' ':v'*'''^ ■ • •.' ■" ■ 

■ - ;* - one- said first type of identifiers (d/Tf I) is used in said . first buffers (DL„Buffer_TS) of transmission 
permits .fpr.t^^^ of the transmission pemriits of data pac^^^ transmission qtieues 

(UL^TBF).placed on the connections in downlink direction; . .* Z- ' 

■ - * a . second type of identifiers (USF) is used in said first buffers (ULlBuffer.Tsf^ dlstrlbutron of the 

' transrriission permits of data packets .by the . trahsmissipn. queues placed on the connections ^n uplink 
. direction (UL-TBF); one- said Identifier of the- second type :.(USF) beinQ iritroduced in a packet transmitted 
■ ^Ji!' ^^^^^^ enabling the mobiles listeriiriq bri 

the channel at the transmission of a packet during the subsequent transmis^^^ 



20 



5. Scheduling procedure according to claim 7, characterized; In that durihg the filling of the rridximum possible 
number^of free sequential locations within said first buffers ■(UL_BufferlTS/DL__Buffer^TSr a location (x element) 
. . - 's, intentionally left empty in a default ppsitipn (x) apart a: number: of v positions starting frpm the location 
, : Whose content has the Ipngerw . . 

. 9v- Scheduling procedure acOTrdihg to cte^ . . > 

i ■ buffers; (DL_:Buffer_^^ of the transniissidn permits 

containing the first type of identifiers (TFI) are scanned in succession meeting the tirne order of the 
channels, withdrawing one. said identifier (TFI) from a position in queue with the longbr waiting time 
giving precedency to said second buffers (DL_Buffer_sgn:_TS). and selectively enabling the transmission 

• queue time by time Identified (DL_TBF/. UL_TBF/) in order that it transmits, a packet oh the scanned 

channel; withdrawing also a possible said valid positional reservation queues (RRBP) and inserting a non- 
utilisation queues (N.U.) matching the jatter. in said empty location in default position (element x) of 
one said first buffer of the transmission permits (UL_Buffer_TS) containing the second type of identifiers (USF); 

said first buffers (UL_Buffer_TS) containing the second type of identifiers (USF) are scanned in succession 
meeting the time order of the channels, withdrawing one said identifier (USF) from a position in queue with 
the longer waiting time, and selectively enabling the transmission queue time by time identified (UL TBF/) in 
order that it transmits a packet on the scanned channel. ~ 
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10. Scheduling procedure according to claim 9, characterized in that: 

' y- .. 

after withdrawal of one said identifier (TFI. USF) and of the possible positional reservationltfueues (RRBP) 
from said position in queue with the longer waiting time in one of said first (DL_Buffer_TS; IJL^Buffer TS) 
and/or second buffers (DL_Buffer_sgh_TS) of the transmission permits, the content of this 'position is reset 
in the relevant buffers 

the content at the remaining positions is shifted by one position In outgoing direction; 

the number of permits scheduled for the transmission queue (DL_TBF/, UL_TBF/) indicated -by the indicator 
withdrawn (TFI. USF) is decreased by one unit; 

the number of permits contained in the transmission queue (DL_TBF/. UL_TBF/) indicated by the indicator 
withdrawn is decreased by one unit. 

11. Scheduling procedure according to claim 10. characterized in that when one said valid positional reservation 
queues (RRBP) is withdrawn from a first buffer of transmission pemriits (DL_Buffer_TS) containing the first type 
of Identifiers (TFI). said shifting of the content of a con-esponding first buffer of the transmission pennits 
(UL_Buffer_TS) containing the second type of identifiers (USF) is made as follows: 

the elements included between the position preceding that whose content has been reset and said default 
.position (x). included, are shifted by one position in outgoing direction; , / 
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the elements following said default position (xj are riot shifted; 
the content of sg^^^^^ 



fo ■• .: the elements^ included between, the ^position preceding that whose content was reset 'anW the position 
.. preceding said default position (X) are shifted by one posltip . jn«:Posraon 

' . * . ■*'^® ®!®'^ept foijowing said default posiW^ V;;; ' 

. r .. .the'remaining ei shifted. by on0 position ihiputgoing dIrecHoh. 



50 



55 



EP 1257096 Printed from Mimosa 03/12/24 15:05:42 Seite: 27 



EP 1 257 096 A2 



R Reference point 



Urn 



MS 



Gi Reference 
point. 




FIG;1 



GSjyi-GPRS 



SMS-GMSC 
SMS^iVVMSC 



3^ 



-f-Gd 



|MSCA/LRf -'— — 
Gb 



Gc 



piil- H MT } 4 ^ BSS l - H SGSN | — f-^ GGSN }— f- 

Gn ^ 




Signalling 

Signalling, aind Date. ■ 




FIG.2 




SGSN 



GGSN 



FIG.3 



EP 1 257096 Printed from Mimosa 03/1 2/24 1 5:05:42 Selte: 28 



EP 1 257 096 A2 



MM. sublayer; 



GMM 



I 
I 



RR 



^MMRP 



LGMf 



±Gm 



SNDCPi 


- TQM 







j SMS 



RR sublayer 



LLC 



LLME 



LLC layei 



LLE 
SAPNi 



LLE 
SAPI=5 



: LLE ■ 
SAPI=2 



Muttipfex-Procedure 



Layer 2 




MS 




RR management 



non-RR 



RR 



RR 




upper layers 
PDUs 



RLC/MAC 



PBCCH 




PACCH 








PCCCH 




PDTCH 





t I I t I 
I t i I I 
I I I I I 



; ;, ; ; I}:^ GSM channels 
I I t I t 
I I I I I 
.L-i- J-L-i 



Data Link layer 
(signalling layer 2) 



- 1" 
I 
I 



I I I I I 
I I I I I . 
^ - J. .11 I . X. . • 



I SGSN 

I---.. 



BSSGP 



PDCH 



Physical Link layer 



I 
I 
I 



FIG.4 



EP 1257096 Printed from Mimosa 03/12/24 15:05:43 Seite: 29 



EP1 257 096 A2 

8 - ^7 • 6 ;-.5 •:..4 3 2 :i 



.Address Field (t ^odet) 



•;; { ^ ■ { : Cohtrbm ; ; , 
(yariaWe lengtt; max^ 3(5 octets) 



:; Infbrmation Field : 
(variable length/ max. N2d1 octets); 



Frame Check Sequence Field 
; : ; i {3 octets) 



LLC 
frame 



FIG.5 



52 TDMA Frame 



■M ■ — ^T— 

II 1 1 1 II 


1 rill 1 11 


1 1 II 1 II 1 11 11 


1 1 MM II- 


1 it Ml i 


1 r i II 


, BO 1 .B1 


82 jjj 83 


84 j B5 jxj B6 


B7 j 68 jr 


. 89 J BIO 


811 jxj 



FIG.6 



Radio Block 



MAC header 


RLC header 


RLC data 





FIG7 



LLC 
frame 



RLC 
blocks 




Primary 
block 



Following 
block 



RLC/MAC 
layer 



Normal burst 


Normal burst 


Normal burst 


Normal burst 



Physical 
layer : 



FIG.8 



EP 1 257096 Printed from Mimosa 03/1 2/24 1 5:05:43 Seite: 30 



r 



EP 1 257 096 A2 

Behaviour of the Round Robin Scheduler 
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Behaviour of proposed Scheduler 
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present In the set multislot random selection of a fth of 
them. In both the cases the selected queue is indicated with 
UL^BufTer^TSO). 



Calculation of the maximum number of permits 
BlocJcs_Single_TBF that can be inserted In buffer 
UL_Buffer_TSG) housing the shortest queue. Work 
assumption: one calculated permit at least. 





U2 





new Iteration 


• Random selection of a UL_TBF/ buffer not yet considered 
at the present scheduling step tst9p = 20 ms, 

• Reading ofZ-th position of UL^NumBlocks TBF transmit ^ 
record. 







'U3 . I.) 



U4 



.U5 
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MPUNK SCHEDUUNG PROCESS 



C)-X=i\^f1RRBP^ 1; 
val Rf^P;= 4, i:.-.; 7 




Insertion of 

BJocks^Single^TBf^ flags 
USF/ (having index /) starting 
from the/{L+1)-th pos of 
buffet ULl?uffer_T3<j) 



Leh_UL_BiJffer_TS = 
l.^h^UU:Buffer.TS + 
BJock5_Single_TBF 



U9 



Insertion of ai flag USFI - 
(having Index I) at #ie 
L-th position of btrffer 
ULi.Biiffer_TS(|) : 



.U11 



4- 



U13 



Unit increase of 
iBcord 
Len_UL_Buf!er_TS 



U12 



• Updating of the RLC 
block number scheduled 
to novy in Ihe current 
scheduling step. 

• Ujxlating of the number of 
UL_TBF queues 
considered. 



U10 




U15 



Unit increase of 
record 
Len_UL_BufferjrS 



yes 



U17> 




L = L + 1 




U2 



Unit Increase of 
record 
Len_UL_BulferjrS 



no 



U18 



FIG.22b 
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UPLINK SCHEDULING STEP 

UPLINK^SGHEDULER DEGISIONS 



wait 



no 



Is flag End^pommEuidj^p.^^ actiyei ? 



U20> 



U21 >^ ^Read the-krth pbsmon bf recdrt MEM_command\.DL^^^ 



U22s: 



Read the USF/ information at the position characterized by 
the longer waiting: tinrie in the ULLBuffer_TS. . . 



U23^ Write at thi^ k^th jpo^ition of btiffer ULJIst^^^^ read; 



U24: 



Eliminate frorn the k-thVbutTer UL^BufferJTS tfie. USF/ value 



no 



u3o; 



MEMicommand^DL_td_UL(k) = VALID/ ? 



U25 



• Elements in 'positions 2 to x-fl If the k-th 
buffer y L_Buffer__TS are shifted by one 
position in outgoing direction, thus 
occupying positions 1 to: x-2. 

• The element in position x+1 Is shifter by 
two positions in outgoing directibri, thus 
occupying the positibn x-1 . 

•Elements In positions x+2 to 
Len_UL_Buffer_TS of the k-th buffer 
UL_Baffer_TS are shifted by one, thus 
occupying positions x+1 to 
Len_UL_Bufferjrs - 1. 

•An EMPTY code Is written In x position, 
which remains still empty. 




U26 



• Enter. NOT USED code at the x posltioft 
ofUL_Buffer_TS(k), 

• UL_NumBldcks_jrBF_Scheduled(/) = 
UL_NumBiock^^TBF_Scheduled(/) + 1 

• Bements In positions 2 to x di 
UL_Buffer_TS(k) are shifted by one 
position in outgoing direction, thus 
occupying positions 1 a x-1 . 

• Elements in positions x+1 to 
Len_UL_Buffer_TS of UL_Buffer_TS(k) 
are not shifted. 

• An EMPTY code is written In x position, 
which remains still empty. 



UL_NumBlocks_TBF_Scheduled(/) = 
UL_NumBlocks_TBF_Scheduled(/) - VI 



• Unit decrease at the k-th position of 
i-ecord Len_ UL_Buffer_TS. 

« Unit decrease at the hVn position of 
reconj UL_NumBIocks_TBF_Scheduled, 



y3i 



U27 



1)26 




U32' 



• Store ULJist \ 
•Disable 

End_command_DL_ 
to_ UL flag 

• Waiting for end of 
scheduling step 



FIG.23 
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ACTIONS UNDERTAKES BY THE TBF MANAGER BASED ON 



.INI21> 



INFORMATION BEC 
•f^LC/MACBlbcicsfo^ : 



access to the GPRS ser^^ 
• Infonratiori for block re^trahsmission RLC/^ 



INI22. 



^FpraNJTBFcohh^ V 

• ^Dl^NuhiBlQckslTBf^^ v ^ ^ 

• UL-^NumBlocks_TB 

• Specific requests (PbllingrPl- Control Block) : 
W TFiAJSF slot and multislot associati^^ 



hAU 



k= 1 



M2. 



M3, 



* Reading of a k-th position of buffers 
DLJista(lstep - 1) and ULJIsta(t5tep - 1). 




H4 



Decoding of information fields . 



M5 



u/TFI/ 



Mg 



Select the first 
RLC/MAC 
control block 
waiting to be 
transmitted for 
the addressed 
TBF/ uplink 
oonncection. 




A. 



drrFJ/& 

RRBP 



d/TFl/ 



• Select the first 
RLC/MAC control 
block that enabled a 
polling request for the 
addressed TBF/ 
downlink connection. 

• Rll RRBP and S/P 
fields of the selected 
block in accordance 
with technical 
specifications. 



FIG.24a 




> 



M4 



Store USF/ 
field 



V 



Select an RLC/MAC block for 
the addressed TBF/ downlink 
connection, meeting the 
following priority: 

1, RLC/MAC control block, 
except for a Dummy Control 
Block. 

2. RLC data block with the 
lowest sequence number 
within buffer TBF/. 

3- RLC/MAC control block of 
Dummy type. 
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t ern pip ^ 




HI 



M6 



NTransmil selected 
block, . 




yes 2^11 



FIII:USF field of 
the s^j^ed block 
with the stored 
OSF/ value. 




jth^ selected^' K 
block With the 
stoned USF/ V 
value; 



Unit decrease at 
^Jh pP3itlo 

:of;rbt6td: X? } ■ 
:UL:^NumBipcks_ 
"reF^transmit 



.M18 

VVM 



Mi2 



Unit decrease at = '. 
the / JhJpositforii^^ ■: 

\of rec6l^:■■•.'^:^"^-':^ \ 
ULysiurnBIocksT; ^ 
tBF^trahsmit; ' 



M13 



\ 



Unit decrease at 
ttie /l^tti position 
of record - f y 
DL_NumBlocks_ 
TBF_transmiL 



M19 



\ 



1 



Unit decrease at , 
the /jth position" 
of record, 
DL__NlumBlocks2 
TBF_transmit. 



M14 




\ 



± 



Transmit selected 
block. - 



J 



no 





yes 


Wait for end of 


scheduling 


step 






H4r 



End of n-th scheduling step 



FIG.24b 
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TBF Manager 



TS jaJIbciated DL 



TS allocate d UL^ 
No ailbcatioh^ /i:; 



TBF1 



TS1 ; 



>>V} USF = 2fbrTS2 M 



V TBF2 ^ 



C TBF3 



TS1& TS2 \ | ' 



TS2 : «^ 




UL_NumBlocks TBF transmit 




PL_NurriBlocks_TBF_ 
transmit 



^^^^^^^^^ 

^ TBiF3. ^ 




TBF1 



Blocks 



Blocks 
RRBP 



TS1 




TBF2 




Block 2 '/^ 



>] USF=2 :v: 



^ USF=1 



TBF3 



S Block 3 ^ 



5 Block 2 > 



Block 6 



Blocks 

USF=1 S >- 



TS2 



TS1 



TS2 



TS1 



Um Interface (downlink) 
FlG.25a 



: Block 


4 


1 S BIbck 2 S 


USF= 
N.U 




3 ■•%•»♦,•.'. . . **«J^^ 



TS2 
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Downlink-Scheduler . ^DLlNum^ 





















:*fttttf 







jHIHIIIIIIIIIff 



TF//.TBF1 



TFI/TBFI 

ilili'l'iilili'lf^ : 



tFi /TBFl ii 

^;:tfi/;tbf2;|^ 




'^■.'.•^••.'^•.'.\e.\*.\t.\r.\ty /: 



FIG.25b 




Len__DL_Buffer_TS Len_DL_sgn_Buffer_TS 



USF=N.U. 
(Not Used), 
USF value 
reserved for 
RRBP. 



Uplink Scheduler 



UL_NumBlocic_TBP_Schedufea. 



© 



FIG.25C 



Position X 





USF = 2 % 


USF = N.U. 






I' 


USF = 2 

v.y*.'.«v..*.» .*.• .'yJ: 






•V* 


USF = 2 

.•*••..•,-.••,• •*.• .*,• .V 




USF = 2 



USF = 
EMPTY 



SNVOsNSVVS 
§ USF = 3 S 




UL_Buffer_TS(1) 



UL_Buffer_TS(2) 



Len_UL_Buffer_TS 



i 
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